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ABSTRACT 
Recent research has highlighted the need to look beyond the coastal zone and 
adopt an ecosystem-based approach to sustainable use and conservation in 
marine management. At the same time there has been a growing recognition that 
ecosystem management involves coupled, complex socio-ecological systems 
which are inherently unpredictable due to the non-linear nature of their 
construction. The diverse social activities and natural processes involved in such 
an approach requires the inclusion of multiple disciplines which presently have 
very limited dialogues. It is apparent that there is an urgent need for new, 
interdisciplinary, methods with which to address management holistically and 
under conditions of uncertainty. 
This research aimed to examine the data-policy and theory-practice divides which 
currently hinder effective implementation of marine management. Key to this was 
to approach the Irish Sea as an interacting human-marine system, and to explore 
methodologies appropriate to interdisciplinary research in order to analyse why 
marine conservation is failing to deliver. Using Geographic Information Systems 
(GIS), a spatial `footprint' map of human activities in the marine area was 
developed from an initial survey of available marine data. The Drivers-Pressures- 
State Changes-Impacts-Response framework extended the scope to cover land- 
based as well as marine activities, and soft systems methodology was used to 
include data and knowledge from both the natural and social sciences. 
The results showed a qualitative dichotomy in the types of data involved, 
demonstrating how both the data-policy divide and the theory practice divide are 
constructed and maintained. The pre-eminence of scientific data in informing 
management decisions explained why conservation initiatives may fail, and why 
advances in theoretical understanding are so difficult to translate into practice. It 
also demonstrated some of the dangers of our present reliance on the Drivers, 
Pressures, State-Changes-Impacts Responses (DPSIR) framework for the 
development of sustainability indicators, particularly when based on scientific data 
alone. An ontological reframing of the issues was then suggested, and scenario 
development was used as a means of overcoming the limitations of disciplinary 
epistemologies when dealing with a complex system. 
It was concluded that, as well as the best available quantitative data, qualitative 
factors are equally important in management. Feelings, concerns, aspirations and 
values of individuals and society play a crucial role in shaping the research 
agenda and in implementing policy. Sustainability therefore can not be 
successfully addressed from within the scientific paradigm. Science can provide 
information, alongside other conflicting information, and subject to an irreducible 
level of uncertainty, but relying on quantitative, scientific data to solve what is 
ultimately a social challenge is inadequate. Sustainability needs to be addressed 
from a much wider paradigmatic basis, employing wisdom as well as knowledge. 
This implies the need for consciously questioning more deeply what it is we really 
want from science, for society and for the future. Environmental degradation, of 
the Irish Sea or any socio-ecological system, is an expression of societal values, 
which can change, and which we clearly need to change in the light of the present 
conditions. 
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Chapter 1- Introduction 
'Why is marine conservation failing to deliver? ' 1 
1.1 The Context 
At the start of the 21st century, over half the world's population is concentrated in 
coastal zones (Farmer et al., 2000), and this figure is increasing. Coastal areas 
are among the most widely appreciated for aesthetic and recreational purposes, 
form some of the most productive ecosystems in the world, and are subject to 
intensive use and exploitation (Millennium Ecosystem Assessment 2003). The 
coastal marine ecosystem is under increasing pressure from human activities, and 
the need for a coordinated management strategy in order to develop sustainable 
marine management is becoming increasingly obvious in the light of multiple 
environmental stresses (Cicin-Sain et al., 2000; JNCC 2001). Ecosystem impacts 
occur in both the short and long terms, are often cumulative, and are subject to 
complex, incompletely understood, feedback mechanisms. As the full extent of 
the interactions between human activities and marine ecosystems becomes 
clearer, some important limitations of current management regimes are emerging 
(Cicin-Sain et al., 1998; JNCC 2001; English Nature 2004). 
Existing marine management in the UK is characterised by multiple sectoral 
interests, jurisdiction levels and legislatory regimes, reflecting disciplinary divisions 
and a historical absence of a coherent, strategic approach to marine planning. As 
a result, regulation and legislation have developed in a piecemeal post-hoc format, 
prompted by the emergence of perceived problems and offering 'end-of-pipe' 
' Gubbay, S, 2003, Closing Remarks, CoastNET Conference June, SOAS, London. 
1 
solutions. Conservation is focused on preventing damage to listed species and 
habitats, or limiting emissions of recognised pollutants (Laffoley 2000). 
The limitations of the current sectoral regime are well recognised in the literature 
on Integrated Coastal Zone Management (ICZM) (Cicin-Sain et al. 1998; Ledoux 
et al., 2002; Belfiore 2003; Ehler 2003). Multiple regulatory bodies from different 
disciplines are responsible for different sectors, and have varied extents of spatial 
jurisdiction. Their interests may conflict, and be short or long term. There are 
sometimes conflicting aims at different levels of governance, and different regimes 
in different sovereign states governing the same marine ecosystems. Clearly 
there exists at the least, a communication gap. Allied to this there is a need to 
facilitate the exchange of data, and to make data from different disciplines 
available to non-experts from other fields, in order to inform policy-making. This is 
vital not only to provide a platform for discussion between sectors and at differing 
management and policy levels, but also to enable public participation in decision 
making (UNECE et al., 1998), a key facet of sustainability. 
However there are also disciplinary conflicts which emerge particularly at the 
interface between science and management. Data require interpretation before 
they can be of use, either in science or to policy makers and decision takers, and 
such interpretation is never value-free. The very existence of any data at all is the 
culmination of a series of societal choices regarding who and what to fund, based 
on often implicit value judgements. The meaning of such data, as the climate 
change debate has illustrated, is again socially mediated (Jordan et al., 1997). 
While data themselves may be objective, both the choice of data to acquire and 
the subsequent interpretation are therefore value-laden. In addition, when data 
are used in decision making, it is in order to achieve specific goals based on 
societal values. These values however, may be multiple, diverse, implicit, explicit, 
2 
and contested. The aims of fisheries management, for example, are not 
necessarily those of marine conservation, or even of fishermen themselves. 
The difficulties of translating `value-free' hard data into the value-driven and 
subjective realm of meaning, lead to divisions and communication gaps between 
experts in the huge variety of fields, between experts and non-experts, (often only 
a question of perspective) and between those who are involved, or ought to be 
involved with decision making and marine sustainability. Both disciplinary and 
epistemological tensions exist which can give rise to misunderstandings and 
mutual mistrust as different meanings and perspectives are brought into play. 
Perhaps this is not surprising when the social science's insistence on the 
subjectivity of meaning is brought face to face with scientific objectivity. However, 
scientists still complain that they are not listened to by policy makers, while policy 
makers continue to call for sound science on which to base their decision making 
(JNCC 2001). 
The marine system is subject to multiple human uses, and susceptible to impacts 
from a wide spectrum of human activities occurring both within and outside the 
system. From a holistic viewpoint, marine eco-systems include both natural and 
social processes as an interacting social and ecological system (Folke 2002; 
Walker et al., 2002; Folke et al., 2003; Anderies et al., 2004). Such systems 
display the characteristic non-linear feedbacks of complex systems (Costanza et 
al., 1993; Folke et al., 1996; Holling 2001), and decision-making therefore takes 
place in conditions of great uncertainty. Management of such systems needs to 
be responsive to change, and prepared to assimilate unexpected feedbacks, an 
approach known as adaptive management (Holling 1978; Walters 1986; 
Gunderson 1999). 
3 
In addition to this, it is vital to consider the aims and object of management (Kinzig 
et al., 2002). Managing for sustainability requires recognition of the fundamental 
dependency of the human socio-economic system on a healthy, functioning 
marine ecosystem. However, sustainability is a social and political concept, and 
although we influence and impact on marine systems, we do not control their 
functioning. The ecosystem functions which we can control are human activities, 
and it should therefore be human activities, and their impacts on the marine 
system which we manage, to which we look for solutions. The Strategic 
Environmental Assessment (SEA) process and the ecosystem approach (UNEP 
1995) are two ways of addressing this. SEAs require a report on the impacts of 
plans and programmes likely to have significant effects on the environment (EU 
2001), including the marine environment. The ecosystem approach advocated by 
the Convention on Biological Diversity working groups (CBD 2004) requires that 
the interests of sustainability be integrated into all activities impacting on the 
marine system. How this is to be achieved is currently being considered by the 
statutory UK conservation agencies (DEFRA 2000; DEFRA 2002a; Laffoley et al., 
2004; DEFRA 2005b; JNCC 2005b). 
Despite the theoretical advances in conceptualising how management should 
proceed, problems remain in moving from theory to practice. The legislation in 
place remains sectoral and although there is a recognised need to overcome 
these divides, understanding of how to do this remains limited. (JNCC 2001; 
Covey et al., 2002) The difficulties of incorporating different types of information 
into management will need to be resolved if we are to make headway in the 
transition from data input to policy guidelines. This is particularly so in the face of 
irreducible uncertainty and disagreement between experts. The links between 
anthropogenic causes and ecosystem effects are acknowledged as frequently 
4 
uncertain and unpredictable, and can become the subject of political dispute, yet 
there is an urgent need for action despite limited certainty and political contention 
(Scoones 1999; Kinzig et al. 2002; European Environment Agency Scenarios 
Group 2003). 
The present investigation focuses on moving marine management away from 
discipline-based solutions towards a more holistic approach, the lack of which, it is 
argued, has hampered past attempts at management. In order to address the 
apparent sectoral impasse, this research aims to offer input into marine 
management for sustainability by developing a new, interdisciplinary view of the 
ways we interact with our marine ecosystem. This viewpoint recognises the social 
nature of the construction of environmental problems, (Liberatore 1995), the 
relative nature of knowledge (Vallega 2000) and bounded nature of rationality 
(March 1994). 
While use is made of existing sectorally-based data, the issues and perceived 
problems are reframed using understanding from the social sciences. By bringing 
together existing datasets and evaluating what we already know in the light of its 
relevance to sustainability, a new analysis is offered which illustrate the relevance 
of scientific data in the socio-political context of sustainability. Like the Millennium 
Ecosystem Assessment (Millennium Ecosystem Assessment 2003), this research 
aims to provide not new data but new knowledge. 
There is a recognised lack of an established methodology for approaching 
interdisciplinary research (Turner et al., 1999a; ESRC 2003), particularly when the 
research covers areas which use cross-cutting methodologies and therefore have 
different criteria of understanding (Midgley 2003). In this case, the research is 
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also intended to provide a guide to action, so the system to be examined is not 
only understood though different methodologies, but also with the intention of 
identifying actions which can lead to change. 
Neither the traditional quantitative scientific method, nor the discourse analysis 
methods of social science alone are able to convey an integrated overview which 
facilitates the inclusion of data and information from multiple disciplines. Soft- 
systems methodology (Checkland 2000; Midgley 2003) was chosen in order to 
overcome this problem. This methodology is applied here for the first time to 
develop a holistic re-conceptualisation of the marine ecosystem as a complex, 
interacting human-marine system with reference to a specific case study area - 
Irish Sea. The initial research uses geographic information systems (GIS) to 
display available data to produce a novel spatial representation of human impacts 
on the marine ecosystem. This is then extended using the Drivers-Pressures- 
State Changes-Impacts-Responses (DPSIR) framework as a conceptual model 
and employing GIS and scenario modelling to illustrate data, in an in-depth 
exploration of the case study area. The results are then evaluated and discussed 
with reference to marine sustainability in socio-ecological systems. 
1.2 Research Questions 
It is of particular relevance for practitioners of marine management in the UK, at 
this current transitional stage of marine policy and legislatory development, to 
identify guidelines and key features for ecosystem-based sustainable marine 
management. Current thinking in marine management focuses on a strategic 
approach, recognising the weaknesses of multiple sectoral foci and replacing 
these with hierarchical ecosystem-based management implemented through 
marine spatial planning. Although sustainability is a key component of such 
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approaches, how it will be implemented remains obscure. The overarching 
research question in this investigation is `how can we make our interactions with 
marine ecosystems sustainable? ' The first question to answer is what do we 
mean by sustainability, particularly in the context of complex socio-ecological 
systems? The second is how do we get there? How are we to develop and 
implement the adaptive type of management that such systems appear to require? 
In the light of the stochastic nature of complex ecosystems we also urgently need 
to know how to manage in conditions of uncertainty, and how to develop and 
implement policies which can guide us through an unpredictable future. 
1.3 Aims and Objectives 
The overall aim of this research was to analyse why marine conservation is failing 
to deliver. Key to this was to approach the Irish Sea as an interacting human- 
marine system, as defined by Berkes and Folke (1998), to recognise complexity 
and uncertainty, and to incorporate the possibility of adaptive responses. This led 
to two main strands of enquiry. 
Firstly both natural and social science inform such an analysis, so one of the aims 
of this research, and a part of the research councils' aims in funding 
interdisciplinary work, is to explore methodologies appropriate to interdisciplinary 
research. 
Secondly, the literature suggests that both data-policy and theory-practice divides 
currently hinder effective implementation of marine management. This research 
aims to examine the origins of these divides and explore means of overcoming 
them. 
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Finally it is hoped to derive some generally applicable considerations for the 
implementation of sustainable marine management. 
The following objectives were developed in order to achieve this: 
9 Develop a spatial GIS based model bringing together anthropogenic 
impacts from multiple sectors. 
9 Evaluate the GIS mapping to see how well it reflects an interlinked socio- 
ecological system, and how it could be improved. 
9 Use Soft-systems methods to explore the socio-ecological system of the 
Irish Sea, and incorporate data from both the natural and the social 
sciences 
" Using the DPSIR framework as a conceptual model to examine the data- 
policy and theory-practice divides. 
" Develop alternative future scenarios based on the multiple human activities 
in the Irish Sea. 
" Analyse and evaluate the results of this with reference to sustainability 
within the Irish Sea, and to sustainable management in general. 
1.4 Thesis Structure 
The next chapter reviews current marine-related conceptual theories about 
sustainability, complexity, resilience and adaptive management, and then moves 
on to consider issues relating to marine management in practice. General 
sectoral, legislatory and management problems are discussed before considering 
the gaps in current marine management strategies which this research addresses. 
The interdisciplinary approach and the reasons for the choice of soft-systems 
methodology are given. Chapter 3 discusses the Irish Sea specifically. 
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Chapter 4 describes the methodological approach and Chapter 5 the development 
of a GIS model, its limitations, and the need for an expanded conceptual 
approach. Chapter 6 describes how Soft-systems methodology was used in to 
explore the Irish Sea as a socio-ecological system. The application of the DPSIR 
framework is discussed in Chapter 7, and some of the limitations found - data 
issues, the emergence of disciplinary gaps, the limitations of an objective 
management approach, and the relative importance of facts and values in 
management - are discussed in Chapter 8. .A solution to some of the difficulties 
encountered using the DPSIR framework is offered in Chapter 9, which describes 
four futures scenarios developed for the Irish Sea to illustrate the role that values 
and vision can play in managing a purposive system in conditions of uncertainty. 
Chapter 10 discusses the outcomes of using the Soft-systems cycle, and how this 
met the aims of the research and brings together overall conclusions regarding the 
shape, scope and goals of legislation aimed at marine sustainability. New 
avenues for the further development of interdisciplinary research into socio- 
ecological systems are suggested. 
9 
Chapter 2 Literature Review 
`A thing is right when it tends to preserve the integrity, stability and beauty of the 
biotic community. It is wrong when it tends otherwise. ' (Leopold 1949) 
2.1 Introduction 
Sustainable marine management covers a broad field. This Chapter firstly reviews 
theoretical developments in sustainability and in ecosystem management, with 
particular reference to complex systems theories. The gaps between theory and 
practice are discussed with reference to the UK and the Irish Sea and possible 
explanations for the emergence of these gaps are derived from a critical analysis 
of the literature. The main issues which emerge from the literature are then 
summarised, before moving on to stress the need for an interdisciplinary approach 
in managing a socio-ecological system which spans disciplinary divides. 
2.2 Current Management Theories 
2.2.1 Sustainability 
In practice, management of marine areas is far less developed than management 
of land areas, and so presents us with the opportunity to apply new concepts. In 
the UK, management has been largely through sectoral, piecemeal and reactive 
legislation in response to perceived sectoral problems, and research has similarly 
followed sectoral or disciplinary criteria, giving rise to a 'myriad of partial views' 
(Vallega 2000). However, a new holistic management paradigm which recognises 
the limitations of a linear, reductionist approach to the complex interactions of 
ecosystems and human societies has also emerged (Berkes et al., 1991; 
Costanza et al. 1993; Folke et al. 1996; O'Neill et al., 2000; Holling 2001; 
Meadows 2001; Midgley 2003). This type of management requires an integrative, 
interdisciplinary approach, and while theory is relatively advanced, reconciling the 
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aims and goals of multiple stakeholders in practice remains a challenge. 
However, it is one to which a post-modern approach to sustainable marine 
management has an important contribution to make (Cicin-Sain et al. 2000). 
As indicated in Chapter 1, sustainable development is defined here using the 
Brundtland Commission definition as: 
`Development which meets the needs of the present generation without 
compromising the ability of future generations to meet their own needs' 
(Brundtland 1987). 
Many interpretations of this definition have evolved. Two contrasting versions are 
shown in Figure 2.1. The most frequently used, anthropocentric definition is 
typified by the triple bottom-line approach which attempts to maximise the three 
variables of environmental, social and economic sustainability. In contrast, the 
more ecocentric definition where ecosystem wellbeing is seen as fundamental to 
sustainability, is shown on the right. 
Economic Environmental 
Sustainable 
Development 
Social 
i Market \ 
Economy 
Depends on 
Social economy 
Depends on 
Nature's economy 
Figure 2.1 Two contrasting views of sustainability. Left, sustainable 
development as a trade off between 3 variables. Right, the foundation of the 
/market on the social and the social on the natural `economy' . 
After Shiva, 2004 
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The former approach has found many practical applications, and much progress 
has been made, particularly with regard to the introduction of efficiency measures. 
However, the challenge of optimising and agreeing trade-offs between the different 
objectives of social, economic and environmental sustainability has made progress 
towards sustainability along these lines difficult. Much effort has been devoted to 
the allocation of economic values to environmental and social goods, in order to 
compare costs and benefits (Pearce et al., 2000), and while environmental 
valuation techniques undoubtedly have a role to play, the distribution of these 
costs and benefits is crucial and often ignored. Short-term economic and social 
benefits for some industries or social groups may appear to embody sustainable 
development while ignoring associated long-term, distant, diffuse and possibly 
irreversible environmental costs to other areas and social groups, including future 
generations, which we are unable to quantify: 
`you [economists] can't predict the bond market any better than we 
[ecologists] can predict ecosystem responses. ' (O'Neill RV 1996) 
Even were it possible to make polluters pay by quantifying and internalising all 
externalities, this would bankrupt many industries, with undesirable social and 
political consequences, at least in the short term. This type of interpretation is 
termed `soft' or `weak' sustainability (Pearce et al., 1989; Ayers et al., 1998), in 
contrast to `strong' sustainability discussed below. 
Different visions of sustainability in essence differ in how far they permit the 
substitution of natural capital, the goods and services which are provided by 
nature, with man-made capital in the form of social and financial benefits. At one 
extreme, `weak` sustainability, is the view that any environmental degradation is 
permissible as long as it is compensated for by an equivalent increase in man- 
made capital which will permit future generations to meet their own needs (Solow 
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1974) At the other extreme is the `absurdly strong' (Goodland et al., 1996) 
prioritisation of environmental sustainability above all else. More generally 
accepted is the view that some degree of degradation is inevitable (Dasgupta et 
a/., 2000) . While a certain amount of ecosystem 
damage and degradation may be 
acceptable if it improves overall human welfare2, a long-term legacy of globally 
diffuse, possibly irreversible environmental degradation for future generations is 
clearly not. But there is as yet no clear consensus in deciding where to draw the 
line. 
The more fundamental, ecocentric definition of sustainability, articulated by 
authors such as activist Vandana Shiva and economist Herman Daly, highlights 
ecosystem wellbeing as the fundamental basis for social, economic and political 
sustainability in human societies (Shiva 1992; Daly et al., 1996; Goodland et al. 
1996). Speaking from the viewpoint of third world countries, where the external 
costs of many first world economic decisions are felt most deeply, Shiva points 
out: 
`... all people in all societies depend on nature's economy for survival. The 
Market economy is not the primary one in terms of the maintenance of 
life....... Without clean water, fertile soils and crop and plant genetic 
diversity, human survival is not possible. (Shiva 1992) 
Along these lines, a different and possibly more fruitful perspective on 
sustainability is offered by working at the interface of socio-economic dependency 
on ecosystem goods (Costanza 1996; Berkes et al. 1998; Turner et al., 2001; 
Folke et al., 2002), using the concepts of complexity, resilience and adaptive 
management which are discussed below. 
2 Although utilitarian welfare maximisation takes no account of distribution and is therefore unlikely 
to fit the equity criteria of sustainability 
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2.2.2 Complex Systems 
In the twentieth century, disciplines as diverse as geography (Mumford 1937), 
physics and biology, (von Bertalanffy 1950), ecology (Goodwin 1997) and 
neuroscience (Capra 2002) have applied systems ideas, and contributed to the 
development of complex systems theory. In mathematics, chaos theory used non- 
linear equations to demonstrate mathematically how feedback can lead to both 
unpredictable effects such as the butterfly effect3 and the emergent order of 
fractals (Lewin 1993). The concepts have been used both to model interactions 
and as a guide to action (Holling 2001). 
A complex system can be defined in general terms as a system which is not fully 
explained by a mechanistic understanding of the parts alone (Costanza et al. 
1993). The interconnections and feedbacks between components are the defining 
characteristic of complex systems. These multiple, complex and often stochastic 
interactions, rather than leading to increasing entropy and disorder, underpin the 
spontaneous emergence of a new, higher level of order, a property defined as 
`autopoiesis' or `self generation' by biologists Maturana and Varela, cited in Capra 
(2002). This process leads to a hierarchy of systems extending from atoms to 
human societies, which, can be understood using a few basic conceptual rules 
about interactions, rather than mechanistic understanding of the parts. Such 
systems have been recognised by many disciplines and operate at a variety of 
scales, from the atomic to the biosphere, but it is in ecosystem science that 
conceptual strides have been made. A picture emerges of `Life at the edge of 
chaos' (Lewin 1993), where humanity exists in a state of dynamic interactions 
maintained far from equilibrium by the multiple interactions of diverse components; 
a nested series of systems maintained by life itself, defying entropy by building on 
3 Does the Flap of a Butterfly's Wings in Brazil set off a tornado in Texas? Lewin, R. 1993. 
Complexity, life at the edge of chaos. Phoenix, London. 
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the power of the sun through networks of interconnections may have led to the 
emergence of life itself (Capra 1997; Capra 2002). 
The component parts of complex systems interact by exchanges of energy, matter 
or information, often through non-linear mechanisms which incorporate feedback. 
This has three important consequences. Firstly feedbacks can both define system 
nodes and develop new features, known as emergent properties, which in turn can 
interact and combine to generate new systems at higher levels of complexity, 
forming the nested hierarchy of interdependent systems described by Costanza 
(1993). Secondly, due to the complex nature of feedbacks, outcomes of 
interactions tend to be inherently unpredictable, making it difficult to establish the 
direct cause-and-effect mechanisms which would be required to implement a 
linear management approach. Thirdly, feedbacks operate within these systems at 
different scales and velocities (Kohn 1997), some interacting over short time 
periods, some within only one system, others having longer periodicities which 
may or may not affect wider systems. 
Complex systems theory has been used extensively to interpret the interactions 
between human systems and ecosystems in `socio-ecological systems' (Berkes et 
al. 1998) (Costanza et al. 1993; Folke et al. 1996), particularly with reference to 
sustainability (Costanza et al., 1999). In applying complex systems theory to 
socio-ecological systems, questions of scale and velocity are especially relevant. 
As discussed by Folke et al (1996; 1998) there are significant problems of scale 
mismatch. Firstly social systems and ecosystems operate on vastly different 
timescales. Human societies can now spread information and receive feedback 
across the globe in seconds. Biological evolution, on the other hand, operates on 
a scale on eons. Secondly, social and ecological systems occur at a variety of 
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spatial scales. Few human social systems remain untouched by the influence of 
global networks, but there are many social and ecological systems which do not 
interact directly with each other. 
Complex systems theory is of particular relevance for sustainability because socio- 
ecological systems themselves are complex systems and are emergent properties 
of ecosystems. Social systems are fundamentally embedded in the ecosystems 
with which they interact, and the human organism both individually and collectively 
interacts with its environment in ways of which we may not yet even be fully 
aware. However, if the human organism is to continue to interact with its 
environment then it appears increasingly important that we need to pay attention 
to the feedbacks we are receiving from that environment, and ensure that we 
maintain conditions which will allow sustainability to emerge. Two further aspects 
of complexity relevant to sustainable marine management; the resilience of 
complex systems, and their inherent unpredictability, are now discussed. 
2.2.3 Resilience 
Originally an ecological concept dependent on species diversity and the 
interactions between organisms and their environment, resilience is defined as the 
ability of a system to return to its original state after disturbance. This contrasts 
with resistance, the ability of a system to remain stable (Begon et al., 1999). From 
a holistic viewpoint, the wellbeing of a socio-economic system can be defined as 
the maintenance of ecosystem functioning and of its ability to respond to changes, 
which in turn depends on maintaining the resilience of the ecosystem (Gunderson 
1999). Among those who have developed ecology with regard to including human 
activities, Holling provides us with the following definition of resilience: 
`a property that allows a system to absorb and utilize (or even benefit from) 
change. ' (Holling 1978) 
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This property is closely linked with the diversity of the interactions and components 
of the system, which are what enables the system to self-organise, or maintain 
itself. With reference to sustainability, resilience is the property which makes a 
system sustainable. Importantly, this differs from stability because, as mentioned 
above, a system can have multiple stable states, and these can be both simple 
and complex (Pimm 1984). The review, Catastrophic shifts in ecosystems 
(Scheffer et al., 2001), details how `sudden drastic switches' or `regime shifts' can 
occur after a period of gradual erosion of the properties that contribute to 
resilience. This phenomenon, shown in Figure 2.2, is known as hysteresis. As 
system conditions change from point A to point B, little ecosystem state change is 
seen. At B, however, a threshold is reached, and the system shifts to a lower level 
of complexity, at point C. In order for the system to return to point A, it may not be 
sufficient for conditions to return to those at point BI. The pressures on the 
system may need to be reduced as far as A or even further, and it may be that the 
system will never return to the same state, although it may return to a similar level 
of complexity. An extinction, for example, is forever. 
A- steady state. high complexity 
---ýýý --- B -threshold point 
as 
1-5 
B1 
C Alternate Steady State, 
p low complexity 
System conditions - increasing pressures 
Figure 2.2 Hysteresis (Scheffer et al. 2001) 
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Scheffer et al (2001) illustrate the importance of this phenomenon in ecosystem 
restoration by highlighting the often-mistaken assumption that once conditions are 
restored to their original state, by removal of excess nutrients for example, 
ecosystem recovery is only a matter of time. It also highlights the fact that a high 
level of complexity and resilience, found between A and B, rather than stability, 
found at both A and C, is the property we need to maintain to ensure sustainability. 
Simple systems can be very stable, but not very desirable - you cannot eat money, 
and neither can you eat stable, resilient ctenophore populations such as 
Mnemiopsis liedyi which colonised the Black Sea in the 1990s and devastated 
local fisheries (Shiganova 1998). Complex, resilient systems are more supportive 
of a variety of life and better able to adapt to the inevitable processes of change 
which structure them. In managing complex systems, our management too needs 
to be able to cope with change, and adaptive management (Holling 1978) offers a 
strategy for this which is outlined below. 
2.2.4 Adaptive Management 
Past experiences in marine management, fisheries management and stock 
collapses, for example, have seen some spectacular failures such as the collapse 
of the Grand Banks cod fishery (Kurlansky 1999). Reasons for this have been 
variously cited as lack of scientific data, lack of policy enforcement, lack of co- 
operation, restricted jurisdiction and even larger-scale global ecosystem shifts 
(Kurlansky 1999; Hirsch 2002). Whatever the ultimate cause of such failures, 
however, it is apparent that management needs to be able to respond to evidence 
of failures and adapt its procedures accordingly. Often characterised by the 
expression `learning by doing', adaptive management is far more extensive in its 
implications than the trial and error methods implied by this phrase. Based on 
complex systems theory, adaptive management stresses the limitations of 
`command and control' management strategies. Much resource management 
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focuses on eliminating change but Holling (1996) shows how management which 
attempts to maintain stability often results in reducing resilience and contributing to 
collapse. Examples are cited where effective fire suppression measures in 
Californian forests has led to a build up of combustible vegetation and ultimately to 
larger and more intense fires, or where agricultural monoculture increases 
vulnerability to pests and diseases, threatening food security. It is a key feature of 
complex systems that, due to the non-linearity of feedbacks and responses, a 
single management action could have several outcomes. As a result of this, 
management not only takes place in conditions of uncertainty, but the focus shifts 
from management of, for example, a resource, to the management of uncertainty 
itself (Walters et al., 1990; Holling 2001; Folke et al. 2002) by ensuring that means 
to adapt are maintained within the system. 
Recognising the limitations of the top-down approach in complex systems, 
adaptive management is therefore about creating, maintaining and reinforcing, the 
conditions which allow adaptation to happen. This applies not only to 
management of natural resources, but to human societies as well. These 
conditions are the ones which provide resilience and derive from diversity among 
components, interactions and feedbacks. In a coupled socio-ecological system, 
both the natural environment and the society need to be able to respond flexibly 
and inventively to the unexpected. This argues for the adoption of a precautionary 
approach (UNEP 1992), maintaining and reinforcing components and links in order 
to maintain the resilience which is key to the process of sustainability. 
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2.3 Current Management in Practice 
2.3.1 Components of Marine Management 
Against this background, the present conditions of management in the UK are now 
explored. From initial marine territorial interests, legislation has been introduced 
regulating shipping, mineral extraction, pollution and emissions, including those 
from land-based sources. Among all these interests, nature conservation has 
been merely one issue among many. However, more recent policy developments, 
such as Agenda 21 (OECD 1992), the EU ICZM recommendation (European 
Commission 2000) the Water Framework Directive (EU 2000) and latterly the 
ecosystem approach (UNEP 1995) have adopted a wider, holistic approach. 
Policy and legislation in the UK and Ireland are largely driven by international 
agreements such as the United Nations Convention on the Law of the Seas 
(1992), or by European Union policy and directives. A brief review of these 
illustrates how these are rooted in, and serve to perpetrate, sectoral thinking, 
power structures and divides. Shipping and offshore installations are regulated by 
OSPAR (OSPAR 1992). Fishing is managed through the EU Common Fisheries 
Policy, with reference to commercial species only, and the total allowable catch 
(TAC) is fixed using single-species models, although co-dependent species 
models may shortly be included (ICES 2004). Pollution is dealt with again through 
OSPAR, the Dangerous Substances Directive (EU 1976b) and the Integrated 
Pollution Prevention and Control Directive (EU 1996). Biodiversity concerns are 
addressed through the Habitats Directive (EU 1992b) and the Environmental 
Impacts Directive (EU 1985) amended in 1997 to comply with the Aarhus 
Convention on public participation. Many of these use a list-based approach 
either through black and grey lists of substances of concern, or through the types 
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of activities addressed. This reinforces reactive, rather than preventative 
responses, and has resulted inevitably in management along sectoral lines, 
leading to the kind of weak, sectoral sustainability discussed in section 2.2.1. 
The fragmented and sectoral nature of marine management is well recognised in 
the literature (Cicin-Sain et al. 1998) and can be summarised as horizontal, 
vertical, spatial, temporal and disciplinary divisions, all of which hinder effective 
management. In practice we see that fisheries, shipping and oil and gas 
extraction, for example, are all managed under separate regimes largely 
developed as perceived problems have emerged - an approach described as `ad 
hoc crisis responses to marine resource problems' (Stella-Maris 1991). This 
divide is paralleled by disciplinary divisions, manifested in different monitoring 
standards and different types of data considered relevant, hampering both 
communication and data sharing (Lumb et al., 2004), and ultimately decision 
making. There are also multiple levels of management and jurisdiction, ranging 
from international protocols to local action plans. Figure 2.3 shows the variety of 
jurisdictional limits in England and Wales, illustrating how spatial divisions play a 
role at all levels, with different bodies responsible for different areas, depending on 
the type of activity. 
Added to this are cross-cutting divisions between short- and long-term interests 
found at a variety of scales within management sectors. Further, much coastal 
management is the responsibility of local authorities, who are often lacking in 
finance, resources, expertise and national-level support needed to fulfil their 
responsibilities in coastal management, particularly those crossing the land-sea 
divide (Ballinger 1999). 
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A response to the growing demands on marine areas and multiple sectoral 
jurisdictions has emerged in recent years in the form of spatial planning. The 
complexity of UK regulation of marine activities has been described by Boyes et al. 
(2003; 2005), and a spatial structure plan plays a large part in the sustainable 
management of the North Sea as suggested by the GAUFRE project (Maes et al., 
2005). This project developed a spatial planning methodology to guide the 
development of a `vision for the future use of North Sea space'(Maes et al. 2005) 
Whether this will lead to a sustainable North Sea of course depends on the values 
of those constructing the vision. 
2.3.2 Integrated Coastal Zone Management 
The concept of Integrated Coastal Zone Management (ICZM) was introduced as a 
way to address these sectoral divides. Cicin-Sain and Knecht (1998) identify four 
types of integration necessary: 
9 Spatial - Land and ocean 
0 Inter-sectoral 
" Science-Management 
" Intergovernmental, (multinational seas) national, provincial, local 
To this can be added the temporal integration of short- and long-term policy goals. 
Spatial integration between land and sea is particularly difficult to address because 
so much existing legislation is sectoral, and fails to cross the land-sea divide. The 
definition of the coastal zone itself is uncertain, and to a certain extent discipline 
dependent (Vallega 2001). For social scientists, `coastal land' may be a sufficient 
definition. In contrast natural scientists involved in the LOICZ programme use this 
definition: 
`from the coastal plains to the outer edges of the continental shelves, 
approximately matching the region that has been alternately flooded and 
exposed during the sea level fluctuations of the late-Quaternary period. ' 
(International Geosphere-Biosphere Programme 1995, in Vallega 2001) 
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A major difficulty in defining the extent of the coastal zone is the mismatch 
between the level at which problems manifest and the level at which they 
originate. Problems frequently emerge due to activities outside the coastal zone 
such as upstream discharges from land-based activities, or localised impacts 
which result from wider or global changes. In recognition of this the Johannesburg 
2000 World Summit on Sustainable Development extended the definition, and the 
concept, to management: `from Hilltops to Oceans' (Cicin-Sain et al., 2002). 
Sectoral integration has also proved difficult. In conjunction with local 
management initiatives suggested by Agenda 21 (OECD 1992), the concept of 
ICZM was instrumental in the burgeoning of many coastal fora in the 1990s 
(Ballinger 1999), fora which attempt to cross sectoral and disciplinary divides by 
involvement of all stakeholders, and to derive rather than impose, acceptable 
working solutions. Although perhaps conducive to exchange of data, the inability 
to resolve conflicting aims and objectives, lack of statutory powers, and under- 
funding have limited action in many coastal fora, as was identified in the report 
ICZM in the UK: A Stocktake (Atkins Global 2004). In consequence, the sectoral 
legacy remains and is exacerbated by the science-management divide identified 
above. 
While scientific data may be objective, management requires making judgements 
about data in context, in order to achieve desired outcomes -a far more complex 
issue (More et al., 1996). A recent study on Information Required for Integrated 
Coastal Zone Management, Doody (2003) gives the following definitions: 
`Data are the raw material from which information is produced. Information 
is a collection of data relevant to a recipient at a given point in time. 
Information is data in context: it has meaning, relevance and purpose. ' 
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To this he adds: 
Data + Context = Information 
Information + Analysis = Understanding 
Understanding + Management = Possibility of sustainable action 
Data need to be `reliable, relevant and accessible', to be viewed `in context' with 
an understanding of `interacting factors' and at the `appropriate scale'. Doody 
concludes that information provision should be a part of the development process 
of ICZM, and indicates that there is still considerable work to be done. In terms of 
complex systems, ICZM could be viewed as an emergent property of information 
exchange, making the provision of both data and context even more imperative. 
Implementation of ICZM then, despite the support of the EU recommendation 
(European Commission 2000), has been slow. We are still working with the 
legacy of sectorally and horizontally divided legislation, which has been largely 
based on a linear perception of management and a modernist agenda (Vallega 
2001), focused on dealing with problems individually as they arise. As technology 
advances however, we are faced with the continuing emergence of new problems, 
such as the 'several hundred' new synthetic chemicals placed on the market in the 
UK annually (Royal Commission on Environmental Pollution 2003). 
2.3.3 Ecosystem Approach 
The limitations of such a modernist approach in the light of the theoretical 
developments mentioned in section 2.2, have not gone unnoticed, however. Both 
OSPAR and the EU have shifted the focus of monitoring towards measures of 
quality, although precise definitions are still lacking. Since the 1992 United 
Nations Convention on Biodiversity, the Annual Conference of the Parties has 
developed a more integrated and holistic policy, expressed in the ecosystem 
approach (UNEP 1995). This approach is defined as: 
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`a strategy for the integrated management of land, water, and living 
resources that promotes conservation and sustainable use in an equitable 
way. ' (UNEP 1995) 
Key elements of this approach are its focus on `structure, process, function and 
interaction' of the ecosystem, with humans as an integral part of many 
ecosystems. The ecosystem includes both living and non-living elements, at any 
scale. Explicit mention is made of the need to include adaptive management, the 
recognition that ecosystems are non-linear and that their processes show time 
lags. The resulting surprise and uncertainties mean we may need to take action 
even when cause and effects are not fully established scientifically. Finally the 
definition states that the approach does not preclude other management and 
conservation approaches, such as the setting up of protected areas. The twelve 
principles recommended in order to apply this approach, are shown in Table 2.1. 
The following operational guidance is also outlined: 
1. Focus on the functional relationships and processes within ecosystems 
2. Enhance benefit sharing 
3. Use adaptive management practices 
4. Carry out management actions at the scale appropriate for the issue being 
addressed, with decentralisation to the lowest level as appropriate 
5. Ensure intersectoral co-operation 
How this approach is developed is open to interpretation by the signatories. Some 
current working definitions are given here: 
`The Ecosystem Approach is the comprehensive, integrated management 
of human activities, based on best available scientific knowledge about the 
ecosystem and its dynamics in order to identify and take action on 
influences which are critical to the health of marine ecosystems, thereby 
achieving sustainable use of ecosystem goods and services and 
maintenance of ecosystem integrity. ' 
(EU Marine Strategy Stakeholder Workshop, Denmark, 4-6 Dec 2002). 
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Table 2.1 The 12 Principles of The Ecosystem Approach, (UNEP 2000) 
Principles of the Ecosystem Approach 
Principlel: The objectives of management of land, water and living 
resources are a matter of societal choice. 
Principle 2: Management should be decentralised at the lowest 
appropriate level. 
Principle 3: Ecosystem managers should consider the effects (actual 
or potential) of their activities on adjacent or other ecosystems. 
Principle 4: Recognising potential gains from management, there is 
usually a need to understand and manage the ecosystem in an 
economic context. Any such ecosystem management programme 
should: 
a) Reduce those market distortions that adversely affect biological 
diversity; 
b) Align incentives to promote biodiversity conservation and 
sustainable use; 
c) Internalise costs and benefits in the given ecosystem to the extent 
feasible. 
Principle 5: Conservation of ecosystem structure and functioning, in 
order to maintain ecosystem services, should be a priority target of the 
ecosystem approach. 
Principle 6: Ecosystems must be managed within the limits of their 
functioning 
Principle 7: The ecosystem approach should be undertaken at the 
appropriate spatial and temporal scale. 
Principle 8: Recognising the varying temporal scales and lag-effects 
that characterise ecosystem processes, objectives for ecosystem 
management should be set for the long term. 
Principle 9: Management must recognise that change is inevitable. 
Principle 10: The ecosystem approach should seek the appropriate 
balance between, and integration of, conservation and use of biological 
diversity. 
Principle 11: The ecosystem approach should consider all forms of 
relevant information, including scientific and indigenous local 
knowledge, innovations and practices. 
Principle12: The ecosystem approach should involve all relevant 
sectors of society and scientific disciplines. 
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The Bergen Declaration, referring to an ecosystem approach in the North Sea, 
recognises the need to: 
`manage all human activities in a way that conserves biological diversity 
and ensures sustainable development. ' (Fifth North Sea Conference 2002) 
With particular reference to marine ecosystems, the ICES definition cited in 
Safeguarding our Seas (DEFRA 2002a) is: 
`the integrated management of human activities based on knowledge of 
ecosystem dynamics to achieve sustainable use of ecosystem goods and 
services, and maintenance of ecosystem integrity. ' 
Key features that emerge from these definitions are the need to integrate the 
management of human activities, not the ecosystem, with reference to bio- 
diversity and ecosystem integrity. 
The ecosystem approach introduces new ideas about ecosystem management. 
Rather than the natural sciences focus, Principles 1,2,4,11 and 12 explicitly 
address social factors and stress the need for management objectives to be a 
societal choice, implemented from the bottom up where possible, in an inclusive 
and participatory manner. Principles 11 and 12 also provide guidelines for the 
process of developing sustainability, specifying the involvement of all forms of 
information and relevant sectors of society. This implies the use of the best 
available scientific knowledge, and also knowledge about, for example, social 
structures, social interactions and the relationships of power which regulate human 
activities. 
Principles 3,5,7,8 and 9 include key aspects of complex systems management 
theory such as structure, function, scale and change. Principle 5, crucially, limits 
technological solutions to those that do not adversely affect any ecosystems, 
implying an end to the conditions of overshoot in which we currently find 
ourselves, where technologically advanced societies spread negative externalities 
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across the globe (Odum 1971; Meadows et al., 1972; Lovelock 1979; Brundtland 
1987; OECD 1992; Daly et al., 1993; Templet 2000). 
Allied to the ecosystem approach is the concept of managing seas on a regional 
basis. Within the EU a draft European Marine Strategy is being developed which 
is intended to facilitate implementation of the ecosystem approach, and which will 
lead to a Marine Framework Directive. The aim is to: 
`protect, conserve and improve the quality of the marine environment'. 
(EUROPA 2006) 
However, it is currently unclear how this will avoid economic-environmental trade- 
offs, or the continuance of the sectoral problems of integrated coastal zone 
management at a regional seas scale. 
The issue of ecosystem sustainability is currently predominantly described through 
the interpretation of natural sciences data, from the viewpoint of pressure 
reduction in isolated and predictable sectoral systems. This approach has been 
described as `necessary but not sufficient' to provide a basis for sustainability both 
in the literature (O'Neill 1993) and above, where the key importance of social 
factors is highlighted. As Michael Orbach has said, management of the seas is 
not so much a scientific issue as a governance issue (Orbach 2002). This 
research takes an interdisciplinary approach, reframing the ecosystem in holistic 
terms and interpreting it as an interconnected socio-ecological complex system. 
Although both the natural and the social sciences contribute to this approach, the 
associated disciplinary methodologies are not comparable. Redclift (1999) 
summarises the methodologies as starting from similar viewpoints but proceeding 
in different directions, with science attempting to reach a consensus of opinion, 
thereby closing down debate, and the social sciences seeking to expand debate 
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by seeking diversity and accepting a plurality of views. Because the choice of 
methodology is clearly important to the outcome of the research, the literature on 
interdisciplinary research is explored further in Chapter 5. 
2.4 Conclusions 
What emerges from the literature is that we are quite possibly at a crucial point in 
the UK as regards both marine management and sustainability. There seems to 
be a clear and recognised need for change, and yet little idea of how we are to 
implement theoretical advances. The linear and reductionist management 
approach has recognised limitations. It has led to the sectoral management 
legacy which tends to polarise issues and encourage the development and pursuit 
of conflicting aims and objectives. In turn, this reinforces sector-based 
sustainability, largely because this is easier to implement and does not challenge 
existing power structures. Conservation agencies, for example, have developed 
statutory protection for species and habitats, but have little say on shipping or 
transport issues, which prioritise the gains from economic sustainability. This 
results in the kind of weak sustainability where species and habitats have no 
protection from accidents, the introduction of alien species or climate change. 
Although this approach may well lead to some sectoral improvements, it fails to 
prioritise the interests of the ecosystem. This may work in the short term, 
particularly when addressing win-win efficiency cases, but it fails to address the 
fundamental issue of our dependence on ecosystem wellbeing. 
ICZM in its current form appears limited in its ability to cross sectoral, legislatory 
and spatial divides and prioritize ecosystem interests, due to limited statutory 
jurisdiction and funding constraints (Coastal Management for Sustainability 2004). 
From a complex systems viewpoint, integration of coastal sectoral interests alone 
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is also inadequate to address sustainability. The coastal zone is only a part of a 
complex and extended system or nest of systems, which are emergent properties 
of an ecosystem complexity that human activities are slowly eroding. While a 
combination of grass-roots public dissent and top-down pressure from the EU has 
in the past resulted in landmark agreements such as the Biodiversity Convention, 
implementation is hampered by existing power structures. 
Action is needed at a higher, strategic level, for example by adopting the 
ecosystem approach which takes the ecosystem as a baseline rather than an add- 
on, and includes human activities as intrinsic. However, such an approach implies 
radical changes to the current management and governance regime, going far 
beyond the current remit of the nature conservation agencies charged with 
implementation. Indeed the ecosystem approach moves wholly beyond the 
conservation paradigm, replacing this with a holistic and inclusive perspective. In 
practice, this implies a huge shift in priorities. Society would need to abandon 
short-term, unevenly distributed, economic or social gains in favour of long-term, 
environmental interests, which are the only ultimate guarantee of sustainable 
social and economic benefits. Yet such a route would require considerable 
personal and political social sacrifices, relying on social altruism and what are 
termed `heroic choices' (Brand 2002), foregoing personal gain for the greater good 
of the ecosystem. At the same time we are facing uncertain futures which 
complexity theory reminds us are by no means predictable (Berkhout et al., 2001) 
and which provide little certainty on which to base any proposed changes. 
There appears to be a logical and cohesive body of well-developed theory to 
support moves towards recognition of the fundamental importance of our 
ecosystems, marine- and land-based. However, even in uncontested cases, there 
31 
is often at least a 10-year time lag in converting theory into policy and policy into 
practice (Leonard, P, DEFRA, Pers. comm, 2003). In the case of marine 
management, developing new legislation, and possibly a new agency, may extend 
this implementation period. In addition, at this stage it seems that we lack not only 
the necessary know-how but also the political will and vision to prioritise 
ecosystem benefits over economic and social gains. 
In the UK, as a result of an increasing recognition that the present governance 
structure is inadequate to meet our international obligations to the Biodiversity 
Convention, as well as other commitments, a series of investigations in to the UK's 
seas has recently been carried out (DEFRA 2000; JNCC 2001; Covey et al. 2002; 
DEFRA 2002a; Royal Commission on Environmental Pollution 2002; Atkins Global 
2004; English Nature 2004; Laffoley et al. 2004; DEFRA 2005b). The interim 
report of the five year Review of Marine Nature Conservation (JNCC 2001) 
resulted in the commissioning by DEFRA of the Irish Sea Pilot Project to trial: 
'a regional seas approach to marine nature conservation and to develop 
recommendations for a refined framework for marine nature conservation in 
UK waters. ' (Vincent et al., 2004) 
The two and a half year project, was an investigation into: 
`sustainable development of the marine environment based on an 
ecosystem approach. ' (Vincent et al. 2004) 
and is the closest approach yet to introducing the theoretical advances into UK 
marine management practice. It is discussed in more detail in Chapter 3, which 
describes the case study area that was the focus of this research. 
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Chapter 3 The Irish Sea 
`Retention of the status quo is not an option' (JNCC 2001) 
3.1 Introduction 
During the course of this research, UK marine management has been undergoing 
a period of transition. There has been a shift in marine management focus from 
political to ecosystem based areas and towards the implementation of ICZM, as 
described above. There has been a legislatory review, (JNCC 2001), which 
recognised the need for action, and as a result, moves towards a Marine Bill for 
the UK All this presents an opportunity to explore sustainable marine 
management in a UK context by focusing on a case study area. However, a focus 
on management at the scale of estuaries or coastal bays was felt to be too limited 
in scope, and too particular in the types of results found to enable the development 
of more applicable general lessons relating to management and policy. At the 
other extreme, an exploration of management of UK seas as a whole would not 
reflect the ecosystem approach. 
Britain has few distinct regional sea ecosystems, the best known and studied 
being the North Sea. However, this has a complex management regime due to 
the involvement of the many surrounding coastal states, the large European 
hinterland, river discharges and associated connecting seas. Seas around 
Scotland are either in regions of low population with a narrow range of industry 
and therefore not representative of the multiple societal stresses, or again too 
particular to offer wider general lessons 
33 
3.2 Choice of Case Study Area 
The Irish Sea geographical area is shown below in Figure 3.1. The Sea is 
bordered by the UK and Republic of Ireland, with a variety of well documented 
land uses, urban and industrial centres as well as rural and agricultural and tourist 
areas. It was also, at the start of this research, the subject of a trial project for 
regional seas management, albeit one based largely within the scientific paradigm 
and not explicitly addressing the impacts of human activities or sustainability. The 
Sea has been defined as: 
`an ecosystem that is, largely, detached from the surrounding sea areas. ' 
( Irish Sea Forum, 1990). 
This was one of the main reasons it was chosen as a representative regional sea 
by the Irish Sea Pilot Project (JNCC 2002). The main consideration in choosing 
boundaries for this research was also to delimit a cohesive marine ecosystem area 
where impacts would express themselves in a similar manner. Unlike any other 
large scale marine region in the UK, the Irish Sea shows broadly similar 
environmental and biological aspects throughout its general area, which 
distinguish it from surrounding seas. 
The Irish Sea is a shallow shelf sea, mostly between 20 -100 m in depth. A 
deeper trough runs northwards from the St George's Channel reaching depths up 
to 315m at Beaufort's Dyke in the North Channel. High levels of freshwater input 
from rivers leads to an average salinity of around 34.0-34.5%o, compared to 34.5 - 
35. O%o in the North East Atlantic shelf seas (OSPAR 2000). Circulation is 
generally anti-clockwise, with overall movement from south to north (Marine 
Institute 1990). Water circulation is discussed in depth in Boelens et al. (1999) 
and also in McGovern et al. (2002). 
34 
35 
. 
Figure 3.1 The Geographical Area Of the Irish Sea. Source: JNCC 2002 
There are distinct differences in temperature between the Irish Sea and the 
surrounding waters, as illustrated in Figure 3.2. A key feature of the circulation is 
the seasonal summer front which develops in the St George's Channel, extending 
from the Bristol Channel towards Cork, aided by the freshwater outflow from the 
river Severn. This hinders the introduction of cooler north east Atlantic water from 
the south. The southern front is especially noticeable in October 2000. 
Figure 3.2 Sea Surface Temperatures (DEFRA 2005) 
The Irish Sea is usually well mixed due to strong tides, although there is an area of 
seasonal stratification which develops to the west of the Isle of Man in summer 
(Boelens et al. 1999). Combined with the lowered salinity regime, this front forms 
an approximate southern boundary to the area. The northern boundary has been 
drawn either at the southern end of the North Channel, between Corsewall Point 
and Belfast (DEFRA 2000), or as far north as Malin head, where other seasonal 
fronts develop (JNCC 2002). 
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For several reasons, the boundaries adopted for this research were those used by 
the Irish Sea Pilot Project (Vincent et al. 2004). Firstly the pilot project adopted, 
for the first time, an ecosystem-derived boundary. The southern boundary was 
drawn from south of St David's Head to Mine Head, in order to include the marine 
protected area around the Island of Skomer, an area distinctly different from the 
deeper waters found in the Celtic seas to the south. The northern boundary was 
drawn from Mull of Kintyre in Scotland, to Fair Head in Northern Ireland, again 
marking the difference between the colder and deeper waters to the north and the 
warmer and less saline waters of the Irish Sea and the Clyde: 
`The distribution and movements of nature conservation interests such as 
basking shark, leatherback turtle and sea bird species indicate that there is 
a strong ecosystem link from the main Irish Sea area up into the Clyde. ' 
(JNCC 2002) 
A second reason for this choice of boundary was that the Irish Sea Pilot 
recognised the need to include human activities in its consideration of the marine 
ecosystem. The southern boundary runs to Mine Head, rather than the more 
obvious-seeming Carnsore Point, in order to avoid having the marine boundary 
coincide with the busy Milford Haven to Wexford shipping route. The northern 
boundary at Fair Head includes the Clyde area `to reflect the social and economic 
importance of the Clyde Ports' (JNCC 2002), as well as for biological reasons. 
Finally, it was also opportune that the Irish Sea Pilot Project were assembling and 
collating data for this area, and it was hoped that these datasets could be used in 
the present research. The Irish Sea Pilot Project boundaries are shown in Figure 
3.3. The marine area covered is approximately 58,000 km2 (Vincent et al. 2004). 
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Figure 3.3 The Irish Sea Pilot Project Boundaries. Source: JNCC 2002. 
The pilot project collated many datasets, including those from the Irish Sea Forum, 
established in 1990. The project produced a comprehensive review of a regional 
sea, bringing together data on marine landscapes, features, nationally important 
areas, conservation and governance. 
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The final report, Marine nature conservation and sustainable development -the 
Irish Sea Pilot (Vincent et al. 2004), made 64 recommendations including calls for 
increased coordination, availability and access to datasets, elaborated further in a 
later, separate report (Lumb et al. 2004). The report also stresses the need to 
manage human activities on land as well as at sea, to identify regional seas and 
define conservation areas, and to introduce a `cross departmental authority' 
responsible for strategic planning, in order to take the ecosystem approach much 
further. 
The scope and duration of the Irish Sea Pilot were limited, necessarily 
concentrating on the policy area within the remit of English Nature4, which is 
chiefly in-situ conservation. However, there have been calls from others in the 
marine and coastal community in the UK, both researchers and practitioners from 
a variety of disciplines, for some kind or legislatory reform, or for a UK Marine Act 
(WWF-UK 2002; Royal Commission on Environmental Pollution 2003; WWF 2003; 
Environment Food and Rural Affairs Committee 2004; Royal Commission on 
Environmental Pollution 2004), bringing together all marine-related interests under 
one authority. The consultation process for a UK marine act took place in May 
and June 2006, with a draft marine bill due in late 2006 (DEFRA 2006). 
3.3 Summary 
The choice of the Irish Sea as a case study area thus appears to offer many 
advantages. Data such as are available have been collated, much is known about 
both the natural and legislatory regimes, and, unlike marine reserves or pristine 
areas, this is an area with intense interactions between human activities and the 
sea, making the need for sustainability even more pressing. 
4Since 2006, renamed Natural England 
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Chapter 4 Methodology 
`lt is relational order between components that matters more than material 
composition in living processes, ' (Goodwin, 1994) 
4.1 Introduction 
The focus of this research is on human activities and how they can be managed in 
order to move towards increasingly sustainable interactions with our environment. 
Multiple disciplines are involved in marine management, each with its own 
priorities, foci and specialist terminologies. Much modelling concentrates on the 
purely scientific representation of physical parameters, an approach which it was 
felt would not be fruitful in terms of holistic modelling, where value-mediated 
human activities and interactions with our environment are a key area of concern. 
Rather than working within a single discipline, this research used an 
interdisciplinary framework, the soft systems exploratory cycle, to bring disciplines 
together and show how they interact. Soft-systems methodologies (Checkland et 
al., 1999; Checkland 2000; Ulrich 2000; Armson 2003) were used as a framework 
to explore the Irish Sea as an interacting socio-ecological system (Walker et al. 
2002; Folke et al. 2003; Olsson et al., 2003). The advantages of this approach are 
that input from a variety of disciplines can be included and the interactions can be 
brought together in context, in a constructive manner. The exploratory cycle was 
used twice in the course of the research. Geographic Information Systems (GIS) 
were used within each cycle to develop two conceptual models of the socio- 
ecological system. The first iteration of the cycle developed a spatial 
representation of the impacts of human activities on the Irish Sea marine area, 
while the second used the Drivers-Pressures-State Changes-Impacts Response 
(DPSIR) framework (OECD 1993; European Environment Agency 1996). This, 
when evaluated, formed the conclusions of this research. 
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4.2 I nterd isci pl i narity. 
4.2.1 Why an Interdisciplinary Approach? 
This research is funded under an ESRC/NERC interdisciplinary studentship 
specifically aimed at integrating the contributions of the different disciplines. The 
ESRC describes the differences between multidisciplinary research; 
`where each discipline works in a self-contained manner with little cross- 
fertilisation among disciplines or synergy in the outcomes' 
and interdisciplinary research, where; 
` the contributions of the various disciplines are integrated to provide holistic 
or systemic outcomes. ' (ESRC 2003). 
The need for interdisciplinary research arises from the recognition of disciplinary 
limitations in addressing large-scale issues, particularly those at the interface of 
science and policy (ESRC 2003). Communication between levels of management, 
from UN to local government, may be a problem, but equally there are difficulties 
with communication between disciplines. Specialisation tends to develop a 
complex pattern of concepts built on a large body of prior knowledge. Different 
disciplines develop their own specialist terms and definitions, their own 
conceptualisation of problems and possible solutions, and so ultimately their own 
specialised aims. This contributes to limitations in the exchange of data between 
disciplines, and also in extending disciplinary knowledge into wider applicability in 
the policy-making field. And, as the continuing debates regarding climate change 
illustrate, even scientists within the same discipline do not always agree, even 
when they are operating within the same scientific methodology. 
However, as was highlighted in Chapter 1, once we start to examine the fields of 
policy and management the communication problem is exacerbated, since policy 
making involves choices between alternatives and so is inevitably value-driven 
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(More et al. 1996). Sound science alone does not make policy. It is not enough to 
know the levels of nitrates in an estuary, for instance, nor the ecological 
implications of elevated nutrient levels, in order to develop policies. As Doody 
(2003, cited in Chapter 2) points out, we need to understand the context. While 
science can describe for us how the nitrate arrived in the estuary, it cannot give us 
a complete understanding of why it is there. Science may serve to highlight, 
identify and explain the what, where, when and even how of ecological issues 
raised by human activities, but it is social science which has the power to explain 
why. Why do we use fertilisers? Why do some farmers use them and others not? 
Why does legislation permit it when it is well known to have adverse impacts? 
And most importantly, how to we make policies and legislation which prevent 
these adverse impacts? Effective policy-making requires an understanding of the 
socio-political, and that moves us into the province of the social sciences where 
relativism, constructivism (Liberatore 1995; Scoones 1999), pluralistic contested 
realities, bounded rationality (Simon 1972; March 1994) and relationships of power 
form key concepts. 
Both Doody (2003) and Liberatore (1995) work within this tradition when they 
show how what is perceived as a `problem' is context sensitive, socially 
constructed and based on perceived values rather than absolute facts. It is 
important to acknowledge that how we perceive or construct our area of concern in 
management is a crucial factor. A narrow disciplinary focus will lead to a narrow 
view of an issue, limited aims, and as a result, only a limited solution, as mirrored 
in the sectoral problems and end-of-pipe solutions described in Chapter 2. Good 
policy-making needs to take a strategic overview of many fields in order to develop 
agreement on desired outcomes, and a wide focus involving not only stakeholders 
from many disciplines but an understanding of how they inter-relate. Sustainable 
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marine management is one area in particular where there is both the need and the 
opportunity to develop new research on methodologies which can bring disciplines 
together and provide input for new policies. In addition, the soft systems cycle has 
much in common with the policy cycle described by Olsen et al., (1997) an 
iterative, cyclical model which has been applied to the development and 
assessment of integrated coastal management (GESAMP et al., 1996). 
4.2.2 Developing a Methodological Approach 
Some of the main challenges in the bridging of disciplinary boundaries have been 
reviewed by Turner and Carpenter (Turner et al. 1999a). They note initially that: 
`what is interesting or worthwhile in one discipline may be considered quite 
differently in another' (Turner et al. 1999a) 
They identify three key points: 
1) An existing conceptual framework for interdisciplinary research is lacking, 
leading commonly to what they describe as an approach of learning by trial 
and error. 
2) Trust, understanding and communication are critical in interdisciplinary 
teams. 
3) Care must be taken not to assume knowledge by other disciplines of 
specialised, single-discipline methods, references or languages. 
Turner and Carpenter (1 999a) identify the lack of a formal interdisciplinary 
approach but suggest the best way to approach interdisciplinary research is 
through conceptual models. Heemskerk et al. (2003) add that conceptual models 
can be particularly useful in framing `better questions' and in furthering discussion 
and communication, thus helping to overcome disciplinary divides. The form that 
the conceptual model takes and the intended purpose are therefore crucial. 
In addition, a holistic, interdisciplinary framework for examining and assessing 
human impacts necessarily involves data from multiple disciplines, but data are by 
no means all that is involved. Data are not information, as Doody ( 2003, cited in 
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Chapter 2, section 2.3.2) points out. Interpretation is required before policy 
makers can make use of data, and even then there are social, cultural and 
technological factors which determine what is taken on board as policy. 
Mathematical models are unable to include the latter type of information. The use 
of an abstract conceptual framework is therefore preferred because it does not 
exclude the incorporation of hard data, but can also add to this by including 
interactions between data and other forms of information. 
In line with the discussion of complexity in Chapter 2, (section 2.2), this research 
aims to take a broad conceptual approach, holistic in scope, integrative in nature 
and adaptive in application. It was felt essential that the conceptual framework 
was also able to reflect complexity as defined above in Chapter 2, to represent 
cyclical feedbacks as well as linear interactions, and be adaptive. 
4.2.3 The Conceptual Approach 
Referring more specifically to the coastal area, Vallega, (2001) summarises two 
logical backgrounds which inform coastal management, reflecting two very 
different approaches. These are shown in Table 4.1. Traditional management 
has followed the approach which Vallega identifies as Cartesian thought: a linear, 
mechanistic and reductionist epistemology, offering partial solutions to 
management problems identified largely from sectoral viewpoints. This approach 
is inadequate to represent sustainability in the holistic and inclusive terms 
identified as necessary in Chapter 2 (section 2.2.2). The feedbacks and 
unpredictability inherent in complex systems need to be accounted for, as do the 
diverse types of data and the different disciplines from which they come. 
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Table 4.1 Two Management Approaches (Vallega, 2001). 
Cartesian thought (Disjunctive 
Logic) 
Evidence 
Describing only those elements of the 
coastal area which are clear 
Reductionism 
Breaking down the components of 
the coastal area, then describing the 
single elements, separately 
Causality 
Moving from the simplest elements of 
the coastal area to the most 
complicated. 
Supposing that the behaviour of the 
elements is regulated by cause-and- 
effect relationships. 
Exhaustiveness 
Assessing all the elements of the 
coastal area in detail. 
Ensuring that nothing has been left 
out. 
Postulating that, only where these 
conditions are met, is the subsequent 
knowledge objective. 
Complexity theory (Conjunctive 
logic) 
Pertinence 
Describing those elements of the 
coastal area that are perceived as 
essential to management 
Holism 
Describing the coastal area as a 
unique system interacting with its 
external environment 
Detailed knowledge of every aspect 
of the coastal structure is not 
considered essential. 
Teleology [aims] 
Leaving out the existence of a cause- 
and-effect relationship between the 
elements of the coastal area. 
Focusing on feedback and circular 
relationships. 
Considering the evolution of the 
coastal system with reference to its 
project, i. e. the goals which are being 
pursued through its organisation. 
Aggregativeness 
Selecting those elements which 
pertain to coastal area management, 
ie the goals and projects of the 
coastal system and leaving out the 
rest. 
Being aware that knowledge is 
relativist and partisan per se. 
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Vallega then suggests some key features of a management approach based on 
complexity theory, shown in the second column of Table 4.1. This focuses on 
relevant components, rather than complete and detailed understanding, and on 
key interactions rather than completely understood causality. While Cartesian 
thought attempts to describe everything, complexity restricts itself to the key 
elements and interactions relative to the goal or project, that is, coastal 
management. 
Although not explicitly developed for marine management, the soft-systems 
approach incorporates these key elements from Table 4.1. Soft-systems provide a 
way of conceptualising an issue or area of concern as a series of interacting 
systems, each of which can be described in terms of both hard data and 
contextual information. With reference to Turner and Carpenter's points above 
(Turner et al. 1999a), expert and specialist knowledge can be incorporated in a 
way which integrates and increases communication between different fields, and 
avoids the use of specialist language and terms. It is based on an inclusive, 
integrative and iterative learning cycle, changing as circumstances change or 
more knowledge is incorporated into the cycle, so it is inherently adaptive. The 
cyclical approach was developed from a background in action research and 
complex systems and is an open ended `purposive' learning process (Checkland 
et al. 1999; Checkland 2000) incorporating on-going evaluation of its effectiveness 
and applicability. The method has previously been applied to holistic and 
interdisciplinary studies in other fields from water basin management and social 
planning (Ison 2003) to the Mediterranean Plan Bleu (UNEP 2005b). 
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4.3 Soft-systems 
4.3.1 Method 
The systemic, as opposed to systematic, approach emerges from a convergence 
of abandoned attempts to find a universally applicable mathematical theory (von 
Bertalanffy 1950; 1968), an ecological understanding of life as a complex, self- 
organising system (Lewin 1993; Goodwin 1997; Capra 2002), and operational and 
action research in industry and organisations (Checkland 2000; Reason et al., 
2001; Midgley 2003). Table 4.2 summarises how systems approaches have 
evolved from the hard systems of Bertalanffy and operational research, through 
Checkland's soft systems methodology (SSM) to the critical systems thinking 
developed by Ulrich (1996; 2000; 2002). The latter includes both hard and soft 
systems approaches, and critically applies soft systems methods in order to define 
the key system of interest for the issue of consideration. It does not in itself 
provide a methodology, although some of the thinking is applied here. 
The systemic approach has been advocated as a way of offering new insights into 
management and extending our thinking on implementing sustainability (Clayton et 
a/., 1996), in particular in conceptualising living systems as open systems which 
tend to decrease entropy. Soft-systems methodology is defined by Checkland 
(1999) as `a sense-making approach'. It offers a way of conceptualising an issue 
or subject in terms of discrete yet interacting systems, which can be viewed at a 
variety of scales, thus paralleling the hierarchical nature of complex systems. 
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Figure 4.1 shows how the soft-systems approach is related to other methods of 
developing understanding. The x-axis represents the epistemological approach 
used, -whether the used believes that knowledge is 'contextual' or `objective'; the y- 
axis represents the underlying ontology - whether `reality' is believed to be best 
represented by holism or reductionism. Although different approaches are suited to 
different questions, the soft-systems approach, being both holistic and context 
sensitive, with a stated goal of `the common good', is particularly suited to the present 
research aims. 
Applying systems thinking involves the use of a 7-stage cycle, shown in Figure 4.2. 
Using a soft-systems approach allows for the inclusion of both quantitative and 
qualitative elements within the same theoretical and logical structure and provides a 
method for illustrating the interactions between them without necessarily having a 
complete -scientific understanding of exact causal links. This cycle acts as a 
framework with which to explore the issue of concern, in this case the Irish Sea. The 
entire cycle is intended to be used repeatedly as a learning process, reflecting the 
process of adaptive management (Olsson et al. 2003). Importantly, the process of 
developing the model in stage 3 involves identifying key feedback cycles, which form 
the relevant factors to be included in the model. The model and results arising from it 
are evaluated according to how far they meet the aims and explicit purposes of the 
entire cycle, and actions are then taken. The outcomes of applying the cycle are 
intended to guide actions for further investigation and may be used to develop, modify 
or refocus further cycles. 
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Figure 4.3 Olsen's `Policy Cycle'. Illustration showing the steps involved and the 
iterative nature of the cycle, reproduced from Olsen et al., 1997. 
Olsen's policy cycle (GESAMP et al. 1996; Olsen et al. 1997; Olsen 2003), is shown 
above in Figure 4.3. This describes a similar process to the soft systems approach, 
which Olsen applied to integrated coastal management as a framework for good 
practice. Although not explicitly systemic, it is an active learning process aimed at 
problem- solving and developing objectives, outcomes and indicators for successful 
coastal management. Olsen emphasises the importance of links and feedbacks and 
the need for developing interdisciplinary communication and trust during this process. 
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4.3.2 Application of the Systems Approach 
The first stage of the soft-systems cycle is a thorough exploration of the context 
involving a series of scoping exercises. This is done through the construction of rich 
pictures, which are drawings or illustrations of every aspect of the system considered 
as possibly relevant by the developer (Armson 2003). Ideas, concepts and issues are 
used to conceptualise the system of interest as a series of grouped and interlinked 
parts or system components. The author's viewpoint is, importantly, made explicit, in 
order to acknowledge the relativist and subjective nature of any interpretation of a 
system, or indeed any model. 
The interactions and feedbacks between the components are illustrated in the second 
stage. Specific tools such as Influence Diagrams, developed to show the agents of 
power, and Multiple Cause diagrams illustrating causal chains, are used to aid in 
positioning system components and identifying key feedback loops (Armson 2003). 
The system and its components can be viewed at different scales, having both sub- 
systems and super-systems, as well as from a multiplicity of perspectives. Defining 
the appropriate areas and levels relevant to the issues of concern is therefore crucial. 
A critical examination of system boundaries is conducted in order to identify the 
system which is key to resolving the issue of concern. This is defined as the `critical 
system' (Ulrich 2002). 
This development work all provides guidance in the third stage, development of a 
conceptual model of the critical system. The model is applied in the fourth stage, and 
the results of the application are evaluated as to how far they reflect the true state of 
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the system in the fifth stage. The sixth stage in the process involves an evaluation of 
the whole soft-systems cycle and how far the application of the cycle has contributed 
to understanding of the aims and issues which it was intended to address. The 
seventh stage consists of taking action: developing new, expanded or refocused 
models or presenting and discussing findings, for example guidelines for sustainable 
marine management of the Irish Sea. 
The first, exploratory use of this cycle is fully described in Chapter 5. This involved 
scoping and screening of data and issues for the development of a spatial 
ecofootprint to illustrate how human activities are impacting on the marine 
environment. The results and analysis of the GIS model and the assessment of how 
far the use of the cycle met the aims of the research, led on to the second cycle, 
which forms the bulk of this research. Since much of the second cycle is developed 
from the outcomes of the first cycle, the process will be fully described in Chapter 6. 
The techniques used are summarised in Armson (2003) and described in detail in 
Checkland (2000). The results in terms of the strengths and weaknesses of the 
model used and the insights gained from using the cycle itself, are described in 
Chapters 7 and 8. Chapter 9 develops some of the actions suggested, and the end of 
the cycle is reached in Chapter 10, where suggested future actions and 
recommendations are made. 
4.3.3 Limitations of the Soft-systems Approach 
This approach is not a numerical approach. As such it is limited in its ability to deal 
quantitatively with interactions and feedbacks. However, the systemic model is not 
intended to be a detailed description so much as to structure debate on problem 
situations (Checkland 2000). This does not preclude the use of data-dependent or 
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linear modelling as a part of the soft-systems cycle, as long as its applicability is 
evaluated in the light of the entire, purposive, system of interest. Similarly, this 
approach is not an objective approach, it is explicitly subjective, and recognises that 
what is included in the system will be dependent on the viewpoint of the person or 
people constructing it. Checkland explains: 
`one observer's terrorist is another observer's freedom fighter, though they're 
both talking about the same purposeful action. ' (Checkland 2004) 
However, this explicit subjectivity can both enrich and clarify the understanding of the 
system. Soft-systems theory embraces the diversity of viewpoints, recognising that 
since all representations of reality are similarly subjective, the way to deal with this is 
to make subjectivity explicit, rather than have it remain as a hidden and limiting 
assumption. The focus of the systemic cycle is not on representing the `real' world in 
a mechanistic manner, but on examining problem situations from multiple viewpoints 
in order to gain a wider understanding of the issues. 
Checkland, in describing the development of the theory, identifies purposeful human 
action as the common factor in problem situations. Systems theory is applied to 
problem situations in order to identify the critical system of interest for those who 
would wish to change those situations. Defining system boundaries rules out areas 
where action would not be effective. However, another limitation of the method is that 
the process does not in itself provide solutions. Outcomes are process oriented, 
rather than prescriptive - that is, the application of the cycle can help identify where 
we may be failing to include key stakeholders or interactions or acting at an 
inappropriate level, and also allow us to make explicit the links and feedbacks where 
action may be taken to facilitate the emergence of solutions. 
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4.4 Modelling 
4.4.1 Choice of Models 
Within the soft-systems cycle, specific models can be used to represent the problem 
situation, or area of concern. The choice of model presents another challenge. In 
modelling in general trade-offs occur between the resolution of the model, the 
accuracy of its representation of reality and its general applicability (Costanza et al. 
1993). Detailed, high resolution modelling tends to apply to controlled conditions and 
be very place specific. Low resolution models tend to be more generally applicable, 
but less representative of specific circumstances. Medium resolution models risk 
becoming neither representative of reality nor generally applicable. No model can 
completely represent reality, or it would be reality. Any modelling presents us with a 
version of what is modelled, and there will be, as mentioned in section 4.3.2., multiple 
versions depending on the purpose of the model and the viewpoint of the modeller. 
Mathematical modelling is frequently used in examining coastal and marine issues, 
for example current flows or contaminant pathways. However, this type of modelling 
is developed from a reductionist viewpoint and deliberately excludes other world 
views, which are key to understanding the choices and decisions made by multiple 
stakeholders. In complex socio-ecological systems there are additional problems with 
the choice of model, related to feedbacks and to scale. Complex systems present a 
serious challenge which limits the representational ability of models. These limits are 
due not to lack of data or computing power, but to the multiple variables and 
feedbacks which are a feature of complex systems. Both data and information feed 
back to alter the state of the system itself, affecting outcomes in inherently 
unpredictable ways (Kineman JJ 2004), with several outcomes possible from the 
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same initial parameters. Feedbacks operate at varying timescales and at different 
spatial scales, making it difficult either to represent them adequately and to scale up 
or down from large and small, fast and slow systems since important feedbacks of 
longer or shorter periodicities may be missed. A further difficulty related to scale is 
encountered in complex socio-ecological systems, that of conceptual scale. Both 
quantitative and qualitative data are important features of social systems, and a 
model framework capable of including both of these, as well as addressing spatial 
and temporal issues is necessary. In addition, as mentioned above, a framework 
which accommodates multiple viewpoints is needed. 
Mathematical modelling has been used to describe such complex systems (Holling 
2001; Resilience Alliance 2004) and played a large part in the development of 
theories behind emergent properties and stochastic systems, in abstract terms. 
However, a mathematical modelling approach was not felt to be appropriate here 
because of the need to include both quantitative and qualitative data, the difficulty of 
including qualitative data and multiple conflicting worldviews, and because the links 
between components are neither clear nor necessarily quantifiable. The spatial and 
temporal scale of modelling is already limited by the research aims to the Irish Sea, 
and the time period where data is available. The interdisciplinary remit of the 
research however, calls for conceptual modelling which is able to provide us with new 
insights, and overcome existing disciplinary divides. While it is hoped that the 
conceptual models used in this research will provide some guidelines of general 
applicability, realistic modelling was felt to be the optimal solution because of the 
need to concentrate on the case study area with its specific data and conditions. 
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The models chosen were therefore realistic, broad in coverage but not detailed in 
resolution. Both of the models which were developed made use of geographic 
information systems to represent the case study area from multiple viewpoints. The 
first model, spatial `footprint` map, was used in an exploratory systems cycle to 
examine available data and combine multiple viewpoints. An extended conceptual 
model was adopted for the second, in depth iteration of the soft-systems cycle. 
4.4.2 Geographic Information Systems 
Geographic Information Systems (GIS) are a method of presenting any form of data 
that can be spatially referenced, that is linked to a place on a map. The software 
makes use of maps, tables, charts, pictures and other graphics, and presents them in 
a way that is readily appreciable to the non-expert. The maps can be coloured in 
ways which are visually intuitive, such as shading according to intensity of use or 
density, or using red and green to represent areas of high and low impact. Symbols, 
such a proportional circles, pie charts or graphics such as different sized fish, can all 
be employed to represent data which would otherwise be presented in the less- 
visually accessible form of a table. 
Maps can be developed representing different areas of interest relevant to any issue 
on which there are data. Maps can be combined to provide a holistic representation 
of activities and by making use of the geoprocessing capabilities of the software, new 
maps can be derived. The visual presentation of GIS data is a powerful tool for 
summarising large amounts of data. The software used in this research was ESRI 
Arc GIS versions 8.3. and 9. 
57 
4.4.3 Sustainability Indicators and the Eco-footprint 
The original concept of sustainability was developed in response to the recognition of 
ecological limits (Meadows et al. 1972). Since then, many indicators of sustainability 
have been developed at a variety of levels reflecting a variety of social, economic and 
environmental concerns. The UK government currently uses 68 indicators, although 
data are lacking on 8 (DEFRA 2005d). Many of these tend to follow the `triple bottom 
line' approach identified in section 2.2.1 and as such reflect the sectoral weaknesses 
of that approach, by focusing on fish stocks for example, rather than ecosystem 
resilience. In addition the indicators are largely based on existing data intended for 
other purposes, and monitoring covers a timeframe of as little as 9 years, much less 
in some cases (UK Government 2005), making trends difficult to assess. New 
European sustainability indicators for the coastal zone are being developed (EU 
Working Group on Indicators and Data 2005) based on coastal land development 
trends, protected areas, recreation pressures and a sustainable local economy. 
Returning to the idea of the limited carrying capacity of the earth, the ecological 
footprint model (Rees et al., 1994) was a starting point for model selection. The 
ecological footprint uses details of individual or collective resource-use levels to 
calculate the hypothetical area of land appropriated by human activities (Wackernagel 
et al., 1996). This is contrasted with the amount of biologically productive land 
available to each of us, were that to be evenly distributed. This is, known as bio- 
capacity. The actual area of bio-capacity can vary, depending on how much land we 
protect from human activities. If none were protected the global bio-capacity per 
person would be 1.8 hectares. Bio-capacity can also be calculated on a national 
basis, as shown in Table 4.3. 
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Table 4.3 Ecological Footprints. 
Country Footprint / person Bio-capacity / person 
United Kingdom 5.6 1.6 
United States of America 9.7 4.7 
Somalia 0.2 0.7 
Uruguay 2.1 7.5 
Sweden 5.5 9.8 
Ireland 4.2 4.6 
Source: Global Footprint Network (2005) 
This measure highlights dramatically how our lifestyles are dependent on limited 
planetary resources, and also demonstrates the inequitable distribution of both the 
resources and their use. Although the figures used in developing the footprint are not 
exact (Rees 2000), and the methodology has been criticised as being less than 
transparent, (Rees 2000; Roth et al., 2000), nonetheless it has great communicative 
power and has been applied by diverse groups, to cities, nations and lifestyles 
throughout the world (Lenzen et al., 2000; Simmons et al., 2000; Wackernagel et al., 
2002; WWF 2002). Despite its visual and intuitive appeal, however, the eco-footprint 
concept provides little in the way of policy guidance, apart from highlighting the 
imperative to reduce the size of the footprint by addressing consumption levels and 
efficient resource use. Part of the reason for this lies in the non-spatial nature of the 
eco-footprint. The land used may be anywhere on the planet. Nations with high 
consumption levels are able to consume more than they produce by appropriating 
production from - and exporting negative externalities to - other areas, adversely 
affecting resilience. Appropriating all land, or even the 50% suggested by E0 
Wilson, for human purposes (Global Footprint Network 2005) would be an extreme 
case of the command-and-control pathology described by Holling et al (1996), cited in 
Chapter 2. Humanity is inextricably interlinked with multiple ecosystems, which are in 
59 
turn interdependent, and rather than appropriating a part and assuming the rest can 
be conserved unaffected, the complex systems theory discussed in Chapter 2 
suggests we should instead consider modifying our interactions and living within the 
thresholds of resilience. 
If we are to manage our activities so that they do not adversely affect ecosystem 
resilience, then it is vital to know to which ecosystems we are referring and which 
activities are having the greatest impacts. Therefore the footprint model used in this 
research does not follow the eco-footprint methods of Wackernagel and Rees (1996), 
but attempts to represent spatially the relative levels of impact of human activities on 
a specific area, the Irish Sea, addressing the idea of ecosystem limits in terms of 
resilience rather than hectares. The model was developed by assembling and 
mapping spatially referenced data on human activities in the Irish Sea. An ordinal 
weighting was then assigned to different levels of impact, and GIS used to 
superimpose all these maps, in a method similar to one developed for Liverpool Bay 
(Oakwood Environmental Ltd 2002). The final GIS map shows where in the marine 
area the impacts are highest and lowest, and what activities contribute to this impact. 
The aim of this was to demonstrate where we should be focusing our efforts to 
minimise impacts on the functioning and resilience of the marine ecosystem. 
4.4.4 The D-P-S-I-R Framework 
For the second iteration of the systems cycle the Drivers-Pressures-State Changes- 
Impacts-Responses (DPSIR) framework was adopted. The framework is currently 
used by the OECD (OECD 1993), UNEP (UN 2000) and the EU (European 
Environment Agency 2004) as an outline for developing sustainability indicators, 
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which it was thought would be an advantage for this research. It has also been 
applied to model interdisciplinary issues in the Baltic (Turner RK et al., 1999) and in 
UK coastal zones (Turner RK. et al., 1998; Crooks S. et al., 1999). 
An outline of the DPSIR framework, with examples of each of the components is 
shown in Figure 4.4(EEA 1997). The framework provides a conceptual model 
illustrating how social drivers, such as population, industry or agriculture lead to 
pressures which cause ecosystem state changes. These can impact on the human 
system and may lead to responses. It is important to note that this framework shows 
how responses to ecosystem state changes can be addressed at the `Driver', 
`Pressure' or `State Change' level. Two additional, important, points about the 
framework should be noted. Firstly, in practice there may well be external pressures 
influencing the components of the framework. These may have natural or 
anthropogenic causes but are external to the system under consideration. Secondly, 
social conditions within the system may prevent responses in the form of alterations 
in the drivers, pressures or state changes. For example, not only may existing 
legislatory or cultural factors hinder responses, but not all state changes will be 
noticed, or considered significant, meaning that action is not necessarily taken, and 
even where action is taken it may not fulfil the stated aim. 
Figure 4.5 shows a simple version of the framework, illustrating how it extends the 
focus of the modelling from the marine-data orientated approach to one which covers 
activities and data from hilltops to ocean. Qualitatively different types of data from 
different disciplines can be included in this framework despite limited knowledge of 
cause and effect. The interactions between data and policy can also be illustrated, 
and the cyclical nature of the framework allows for the inclusion of feedbacks. 
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Figure 4.4 The Components of the DPSIR Framework, with examples. This 
shows how societal drivers can lead to ecosystem pressures which result in state 
changes, and how when these impact on society, responses can occur. Reproduced 
from EEA Highlights, 1997. 
Figure 4.5 Foci of Marine Management in the DPSIR Framework. The traditional 
focus of Marine Management is on pressures and state changes in the marine area. 
The extended focus looks at societal causes and responses as well. 
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In the second iteration of the soft-systems cycle, the DPSIR concept was used as an 
outline framework for formatting the data and information available on the Irish Sea. 
The framework provided a guide to identifying and mapping the major drivers and 
pressures on the marine ecosystem. It was further used to illustrate marine state 
changes, even where a complete causal link was absent, unclear or connected with 
multiple drivers and pressures. Information on impacts and responses was also 
incorporated. The development, use and evaluation of this conceptual model is 
described in Chapters, 6,7 and 8 respectively. 
4.5 Methodological Summary 
The selection of an appropriate methodology, or methodologies, is very much 
dependent of the type or research and the intended aims and outcomes. The aim of 
this research was to overcome divides between disciplines which work within very 
different paradigms, the natural and the social sciences. It was not felt appropriate to 
address this by the use of methods from the two disciplines alongside each other. 
This would risk perpetuating the dichotomies identified in Chapter 1. Neither was it 
felt appropriate to work exclusively within a methodology from either of these 
paradigms when, again as identified in Chapter 1, there is a need to integrate the two. 
The soft-systems approach emerged as appropriate for five main reasons. It has 
been developed in close parallel with complex systems theories. It is associated with 
decision-making in situations where the focus is on implementing change. It has 
been developed to address situations which have proved intractable to traditional 
approaches. It is capable of including information in many forms, at a variety of 
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scales. In parallel with the development of sustainability, it is process oriented, and 
context sensitive, rather than providing a prescriptive formula. 
During the course of the research advice on applying soft systems was sought from 
practitioners both within the University of Plymouth, at the Business School, and 
elsewhere. The critical systems work of Ulrich (1994; 1996) was particularly useful , 
as were discussions with Roger Packham at Schumacher College. The online 
resources available from the Open University systems group (The Open University 
1999; Armson 2003; Ison 2003; Shipp 2003) were particularly useful. 
This approach was felt to be both innovative and have a potentially very strong 
explanatory power in developing a holistic view of what is undoubtedly a complex 
system. The use of conceptual models, particularly in conjunction with GIS, was felt 
to provide a clear, graphic, readily understandable representation of both data and 
information. The development of a broad-brush overview, avoiding disciplinary 
jargon, was felt to be an essential factor in communication to non-expert 
stakeholders, be they policy makers or scientists. 
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Chapter 5 The Footprint Model 
`Treading lightly on the Earth' 
5.1 Introduction 
Source unknown 
This stage of the research took the form of an exploratory cycle examining the human 
activities occurring in the Irish Sea. As noted in Chapter 4, the Ecofootprint concept 
introduced by Wackernagel and Rees (Wackernagel et al. 1996) is based on: 
`the area of biologically productive land and water required exclusively to 
produce the resources consumed and to assimilate the wastes generated'. 
(Wackernagel et al. 2000) 
It makes use of factors derived from average productive and assimilative capacities, 
to measure how much theoretical land area is used by human populations for 
resource use and waste production. Although sea use is included in some cases, this 
method is related to hypothetical rather than actual land or sea. In developing a 
place-specific eco-footprint it soon became apparent that a different approach was 
needed. 
For this exploratory cycle, a series of maps were developed to illustrate the full 
spectrum of human uses of the Irish Sea marine area. These were converted to GIS 
files and the different levels of activity given a relative impact factor. The resulting 
maps were superimposed to produce a final `footprint' map, showing where the 
impacts on the marine system are greatest, and which activities contribute to impacts 
in a particular area. This illustrates which areas are under most pressure and 
consequently can act as a guide as to where we might focus our management 
attentions, an approach which may be of practical applicability where place-specific 
management decisions need to be made. 
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5.2 Development of the Model 
5.2.1 Boundaries 
Defining the boundaries of the Irish Sea marine ecosystem was the first step in 
compiling the footprint model. The impacts of human activities on ecosystem 
resilience were considered likely to impact in similar ways throughout a cohesive 
ecosystem. Ecosystem parameters, rather than political or other geographical 
definitions, were therefore chosen as the defining factors in setting physical 
boundaries to the system studied. 
5.2.2 Scoping and Screening 
Like any marine area close to densely populated and developed land, the Irish Sea is 
subject to a multiplicity of uses and activities. The Irish Sea Pilot Project brought 
together many datasets which were invaluable in the initial stage of this research. Of 
particular importance was the base map which was supplied in digital GIS format by 
the Irish Sea Pilot project team. As this team discovered (Vincent et al. 2004), the 
sectoral development of land and marine mapping and the international nature of the 
study area meant that there was no agreement on the exact coastline of the UK and 
Ireland. The version used here is a result of a compilation of data by the UK 
Hydrographic Office and the Ordnance surveys of the UK and Republic of Ireland, by 
the pilot project team. 
It was intended to compile a map representative of the year 2001, the latest year for 
which data were available at the start of the project, and the year of the most recent 
UK census. In practice, however, substantial complications were encountered. For 
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example, fishing intensity data were only available as four-year averages, and the 
year for the ferry traffic data was not known. Many of the datasets collected by the 
Irish Sea Pilot concerned biodiversity and marine landscapes, and were not used at 
this stage, where the focus is on human activities. However, maps of military use, the 
intensity of fishing and ferry transport were used in order to develop GIS maps. A 
range of further data concerning human activities was assembled from other sources, 
including oil and gas extraction (UK DEAL 2004), undersea pipelines (UK DEAL 
2004), wind turbine sites (Crown Estate 2004), port tonnage (Central Statistics Office 
2003b; Department for Transport 2003) and fish landings (Central Statistics Office 
2003a; DEFRA Fisheries Statistics Unit 2003). Some of the maps used are shown in 
Figures 4.4 to4.10. All the datasets were developed into GIS shapefiles as detailed 
below. 
5.2.3. Data Manipulation 
A GIS shapefile consists of a graphic, or map, and an attribute table which contains 
the spatial data required by the programme to draw the map, and any additional data 
which can be linked to the spatial data, such as place names, or estimated levels of 
impact. A shapefile can be constructed in two ways. Firstly, the mouse can be used 
to draw points, lines or polygons, and a table is constructed by the software. The 
second method is for the map to be drawn by the software from data entered in an 
attribute table, such as XY coordinates. In both cases, additional data, such as place 
names or port tonnages, can then be added to the table. Shapefiles are constructed 
using three types of geometry; points, lines or polygons. In order to overlay 
shapefiles they must have the same geometry. 
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Figure 5.1. JNCC Irish Sea Pilot Project Maps. These, maps were digitised as 
polygon files and used as layers in the footprint map shown in Figure 5.9. Data 
source: JNCC 
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Figure 5.2 Exploratory Oil and Gas sites in the Irish Sea, up to 2001. These sites 
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to indicate increased recoverability as toxic drilling muds were abandoned. Data 
Sources: UK DEAL and Coastal Zone Management 2001, Spatial Planning unit, 
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Figure 5.3 Appraisal and Developed Oil and Gas Sites in the Irish Sea to 2001 
The point file of Appraisal sites was redrawn with a 500m/1 km polygon, depending on 
year of appraisal. Developed sites were drawn as polygons with 3 concentric circles 
500,1,000 and 1,500m diameter. Data source: UK DEAL 
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Figure 5.4 Reported Oil Spills in the Irish Sea, 2001. These spills ranged from 
1 litre 157 tonnes. Only locations of incidents are shown here. Most of the 
proportional circles used to convert from point to polygon files are not visible at this 
scale. Data source: Advisory Committee on the Protection of the Sea. 
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cl re ad 
The footprint map developed here is the result of constructing and combining GIS 
shapefiles from a series of maps or datasets. Twelve different datasets were 
developed, 5 polygon files, 1 line file and 6 point files. These datasets were used to 
draw polygon shapefile maps. The point and line file maps, such as the oil wells or 
pipelines shown in Figure 5.6, were developed into polygon files by creating a series 
of buffer zones around the baseline data. Three concentric rings were drawn, either 
proportional to the size of the port, or in the case of oil and gas extraction sites, at a 
distance of 500m. Once polygon maps were developed for each dataset, weightings 
were applied to each polygon in each map by adding an impact factor to the attribute 
table of each map to reflect the relative impacts of the different levels of activity 
occurring in different areas. These maps were then combined as shown in Figure 5.8 
to produce a composite map showing a cumulative impact factor. 
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Figure 5.8 Construction of the Footprint Map. Illustration of how the ditterent 
layers and associated data were combined into one map and data table . 
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5.2.4 Weightings 
Due to the different types of activities and the varying measurement types used in the 
datasets, a direct comparison between the datasets was not possible. In order to 
overcome this, each dataset was considered in the light of how ecosystem resilience 
might be affected, and then given an ordinal weighting of between 1 and 5. The 
weightings, shown in Table 5.1 and 5.2, were based on consideration of the duration 
and frequency of the impact and the persistence of effects. For example, oil wells, 
either exploratory or developed, were coded depending on whether they were drilled 
before or after 1996, when use of toxic drill-cutting mud was phased out (UKOOA 
2004) Other factors considered were the effects on the marine ecosystem of 
extraction of fish stocks and associated species, marine community degradation due 
to physical disturbance, noise, discharges of toxic substances, and how ecosystem 
recoverability would be affected. 
Impact factors were assigned bearing in mind the area likely to be impacted upon. Oil 
and gas pipelines were given a 500m buffer zone in which an impact factor of 1 was 
assigned, equivalent to the lowest level of ferry traffic, or to 1 bottom trawl per year. 
Oil and gas platforms were assigned buffer zones. Developed wells had three buffer 
zones at 500,1000 and 1500 metres from the platform, each with decreasing impact 
factors. The wells which may have left toxic cuttings piles were given a higher impact 
factor than later wells, although exact details of the drilling muds were not available 
due to commercial confidentiality. It was assumed that use of these types of mud 
ceased at the end of 1996. Work done on the North Sea suggests that the radius of 
impact is potentially much greater (Gerrard et al. 1999; Grant et al. 2002). 
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Fishing and shipping ports were assigned factors of from 1-4, depending on 
tonnage of goods or fish landings. The sizes of the impacted areas for both these 
datasets were kept proportional. Only two impact factors, 2 and 1, were assigned 
to the smaller ports, most had three levels of impact and the largest had a fourth 
level. In order to reflect the increasing intensity of use as the port itself was 
reached, these maps were drawn separately for each level of impact, and then 
superimposed, to show the impact cumulatively. The maps and the associated 
attribute tables were combined using the union function in ArcGIS. This function 
also combines the attribute tables of each map, so that the separate impact factors 
could be summed and combined into a cumulative weighting for the combined 
map. 
5.3 The Footprint Map 
5.3.1 Results 
The final GIS footprint map is shown in Figure 5.9, illustrating the combined 
relative estimated levels of anthropogenic impacts on the marine ecosystem. The 
resolution of the map is dependent on the lowest level of resolution, that of the 
1 0km squares used for fishing intensity, which can still be seen in this combined 
map. Many of the original maps or datasets had no data on coastal areas, so the 
areas shown in the background blue of the sea outside the Irish Sea boundary, are 
areas for which there is no data, rather than no impact. 
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Figure 5.9 Footprint Map. This is the result of overlaying the 12 maps of 
human activities, each converted to polygon geometry and given the ordinal 
impact levels described in Table 4.1. 
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The most heavily impacted area is to the west of the isle of Man, where fishing 
activity combines with the impacts of the ports and ferry traffic. The areas of 
Liverpool and Morecambe Bay show localised heavier impact levels where oil and 
gas extraction adds to the impacts of shipping and fishing. To the west of 
Anglesey is another heavily impacted area, again where shipping and ferry traffic 
combine with fisheries. The impact of ferry traffic and shipping is also high around 
the major ports, even where there is no fishing activity. Many of the coastal areas 
have no recorded data at this scale, but moving away from the coast there are 
large areas with a very low impact factor of 0-3. The impact then tends to 
increase, from 4-7 and then to 8-11, towards the central region of the sea, 
indicating that impacts are intensifying further offshore. The more intense impacts 
are toward the north. Areas with the highest impact factor are areas where it 
would be expected that resilience would be most eroded, and coincide with the 
`cod box', a seasonally closed fishing area introduced as an emergency measure 
to protect spawning adult cod, in response to drastic stock declines (Marine 
Institute 2002). This is discussed further in Chapter 6. 
5.3.2 Discussion 
Limitations to this form of modelling are immediately apparent. Firstly there are 
data-related limitations. Many datasets are available only at the national level, 
which means it is not possible to spatially reference them to the Irish Sea area. 
The English Nature Report, Irish Sea Data and Mapping (Vincent et al. 2003) lists 
some of the many other problems encountered by the team in assembling data at 
this level, citing `lack of availability, incompatible formats and cost. ' They add that 
`There was a reluctance of both public agencies ( because of internal costs) 
and private sector (commercial value) data holders to release information' 
(Vincent et al. 2003) 
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Many datasets were found to be very patchy, or inadequate for the purpose of this 
research, and consequently could not be used. For example, although the Irish 
Sea Pilot Project collated data on the major shipping routes, it proved prohibitively 
expensive for the author to obtain data on the number of vessels using each route, 
and no data were found in the literature. The locations of current and proposed 
wind farm sites are available, but the associated impacts are not certain. 
Radioactive contaminants data are available but the datasets are patchy and 
impacts are again uncertain. Other anthropogenic pollutants are similarly not 
included on these maps due to the patchiness of the data, despite their having 
significant known effects on the marine ecosystem, especially in estuarine areas 
(EU 1996; Royal Commission on Environmental Pollution 2004). These limitations 
are reflected in the datasets available for use in the footprint map, and are 
particularly noticeable in the lack of coverage close to the coast. 
Although detailed data on biota are available for areas of the coast such as those 
surveyed by the JNCC (Connor et al. 1997) or by university research groups, 
coverage was mapped by the Irish Sea Pilot Project, is patchy (Vincent et al. 
2004). The scale of mapping used here prohibited including these datasets. In 
addition, with the possible exception of Liverpool Bay (Oakwood Environmental 
Ltd 2002), there is little description of cumulative human activities, or the impacts 
of these activities on marine areas. 
There are also limitations in the way that spatial impact is plotted on the map itself. 
The impacts of ports are plotted evenly around a central point, when in fact, due to 
the configuration of the coast, the impacts do not spread in this way, but will be 
concentrated in estuaries, or where shipping is funnelled into shipping channels. 
The digitising of datasets into maps by hand, using a mouse and working at a 
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small scale can also produce inaccuracies, as in the drawing of 10km squares for 
fishing data. Similarly the use of four-year averages for the fishing data can 
contribute to introducing inaccuracies. For example, in the Irish Sea Pilot Project 
maps show the mean number of vessels recorded per over-flight, but it is not clear 
if this number has been normalised. 
As well as data limitations, there are further limitations to the footprint mapping 
derived from the assigning of impact factors. Unlike, for example, climate change, 
there is no common measure such as CO2 equivalent, which can be used to 
compare different types of impacts and how they affect resilience. For the military 
activities mapping in particular it is uncertain which of the activities would have the 
highest impact level, and whether the impact of, for example, mine laying and 
clearance of unknown number or frequency, can be likened to that of one beam 
trawler or 1-100 ferries per year. Tables 5.1 and 5.2 make explicit the reasons for 
the weightings assigned, and the impact factors could be adjusted in the light of 
new knowledge about impact levels. Another, associated point is that the impact 
factors here were simply summed, when it might be more appropriate to measure 
cumulative impacts by using a multiplying factor. 
However, the main limitation of this method lies in the fact that determining 
impacts on resilience is context sensitive. This was the main reason why the 
research did not proceed to link the impacts map with some kind of sensitivity 
analysis. Even were the data adequate, which the author feels is not the case, 
there are many problems associated with determining how ecosystem resilience is 
affected. The marine ecosystem is a particularly dynamic environment, subject to 
tidal and other currents which affect the dispersion of contaminants. It contains 
many mobile and migratory species which may be displaced by disturbance such 
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as sound and pressure waves. These travel further and faster underwater than in 
air, and many marine species use sound for orientation and communication (Lalli 
et al. 1997). The level of impacts depends on both the type of ecosystem, and the 
type of impact. Trawling in a fish-spawning area during breeding, for example, is 
likely to have a higher impact on ecosystems than trawling in a different area or at 
another time. The effects of trawling will be dependent on the type of community 
trawled and the method used. The impacts of shipping may range from the effects 
of operational discharges, leaching of tributyltin, and accidental spillages, to noise, 
disturbance and dredging. 
Many adverse effects of human activities are known from the literature, some of 
which will be investigated further in Chapter 6. Comprehensive marine landscape 
mapping has been developed by the Irish Sea Pilot Project (Tyler-Walters et al. 
2003). However, this currently only informs us of the existing landscape type, and 
our knowledge of how human activities may impact on ecosystem resilience in the 
Irish Sea remains limited and patchy (Evans et al. 2003). In addition, effects may 
not impact in a linear manner, but rather be subject to abrupt phase shifts once a 
threshold is crossed and resilience is lost. Feedback effects at a variety of scales 
may be expected to occur, and changes in one area may lead to unpredictable 
effects in other areas as was discussed in section 2.3 (Scheffer et al. 2001). 
Unfortunately, it is difficult to determine when we are approaching threshold levels 
of habitat degradation or population loss. Bearing in mind the earlier discussion of 
hysteresis (Chapter 2) once this threshold is crossed, ecosystem restoration may 
require far more effort than simply retuning to original conditions. Despite this 
theoretical knowledge, in practice we are reliant on monitoring of single 
substances or of indicator species which may not tell us much about the 
functioning of the ecosystem as a whole (Mee 2005). 
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In summary, there are a many limitations associated with a spatial footprint map, 
and these are not likely to be overcome at present, despite the recommendations 
arising from the Irish Sea Pilot regarding a central data repository where all data 
compiled by public bodies are made freely available (Vincent et al. 2004). There 
are considerable technical complexities of organising and manipulating GIS data, 
and it is acknowledged to be a very time consuming process (Vincent et al. 2003). 
We clearly do not currently have either the spatial data or the level of knowledge 
about ecosystem resilience or the impacts of human activities on a variety of 
ecosystems which would make a spatial impacts map possible. 
5.3.3 Fit for Purpose? 
The overall purpose of developing the footprint mapping was to inform sustainable 
development in the Irish Sea area, viewed as a complex socio-ecological system. 
The combined mapping approach fails to achieve this not only due to the 
limitations of data availability and knowledge about the spatial impacts of the 
effects of human activities either singly or cumulatively, but also due to our lack of 
knowledge about ecosystem resilience. The combined mapping approach was 
restricted in focus to the marine area, when in fact many of the influences on 
ecosystem resilience which occur in the marine area are due to riverine and 
airborne factors which originate outside that area as a result of land based human 
activities. Clearly this map does not reflect a holistic, hilltops to oceans 
perspective. 
Despite these limitations, there are some useful insights to be gained from the 
footprint mapping process. Firstly, the focus on human activities shows us clearly 
the areas where human impacts on the marine ecosystem may be the greatest, 
and enables us to identify which activities contribute to these impacts, and where 
we might focus our attention in order to mitigate these impacts. Secondly, it led to 
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the identification of gaps and limitations in existing data. More datasets, more 
complete data coverage, spatially referenced data collection or formats and more 
freely available data could perhaps improve this model, but are unlikely to be 
available in the near future. Thirdly, and connected to the second point, this 
approach highlighted how little knowledge we have of what might be the limits of 
ecosystem resilience, and which data we might need to monitor this. Finally, it 
also highlighted the importance of including activities external to the marine area. 
5.4. Conclusions 
Evaluation of the modelling showed that the ecofootprint model was too simplistic 
in both scope and spatial coverage. The initial context was too narrow, and in 
conjunction with the data limitations, the conceptual boundaries of the project were 
too limited. At the conclusion of this initial use of the soft-systems cycle, it became 
apparent from the results of the footprint model, and an evaluation of its 
usefulness, that this interpretation did not show impacts either on marine 
ecosystem resilience or from activities in the catchment area. Many human 
activities and their effects, such as the introduction of pollutants, were not 
included. As such, although based on what is a cohesive marine ecosystem, the 
footprint map failed to address ecosystem-based or complex system-based 
management. In order to address the aims and objectives of this project, there 
was a need to extend the scope of the modelling. It was decided that the second, 
more extended, iteration of the systems cycle should follow the soft-systems 
methodology in detail. A revised definition of the Irish Sea was needed, expanded 
to include impacts related to land-based activities, the key features and feedbacks 
within the Irish Sea socio-ecological system, and a new conceptual model 
illustrating the full complexity of the interacting human-marine ecosystem. This is 
now described fully in Chapters 6 and 7. 
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Chapter 6 Applying Soft-systems 
When human responsibility does not match the spatial; temporal or functional 
scale of natural phenomena, unsustainable use of resources is likely' 
(Lee, 1993, in Folke et al., 1998) 
6.1 Introduction 
Chapter 5 concluded that there was a need to deepen and broaden the spatial and 
conceptual scope - from hilltops to ocean. However, it would be easy to fall into 
the trap of including more data. In systems terms, a trap is a way of thinking 
inappropriate for understanding the subject being explored. As Vallega (2001) 
illustrates in Table 4.1, reductionist and exhaustive approaches are not 
appropriate for addressing complex systems. The non-commensurability of 
different datasets, and the many uncertainties and feedbacks involved in 
evaluating ecosystem changes, suggest the need for a new approach based on 
complexity theory and interdisciplinarity. 
To this end an in-depth application of the soft-systems methodology is now 
applied. Extensive scoping is undertaken and several systems techniques applied 
in order to thoroughly explore the context, identify problems and opportunities and 
define boundaries for the development of a conceptual model using the Drivers- 
Pressures-State Changes-Impacts-Responses (DPSIR) framework. These first 
three stages of the soft-system cycle are described in this Chapter, and the results 
of the conceptual modelling are presented in Chapter 7. 
6.2 Soft-systems Stage 1: Exploring the Context 
6.2.1 Scoping 
Within the systems method, the initial exploration of the context is vitally important, 
since systems are very sensitive to starting conditions (The Open University 1999; 
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Checkland 2000). A series of scoping exercises are used, intended to identify 
issues and define the boundaries of the research. There are several 
methodological tools which can be used in this process (Checkland et al. 1999; 
Armson 2003), the first of which is the development of a `rich picture'. This is a 
brainstorming exercise in which all the relevant5 issues, problems, concerns, 
stakeholders and legislation are illustrated, normally by means of simple drawings. 
There is no attempt to make any connections or order the ideas at this stage. 
Since this is the second iteration of the systems cycle, much knowledge of the 
Irish Sea system has already accumulated, as described in Chapter 5. In addition, 
the author attended conferences, stakeholder meetings, and discussions relating 
to the progress of the Irish Sea Pilot Project, coastal management and 
sustainability in general. This facilitated the development of rich pictures and was 
used in attempts to include other viewpoints and extend conceptualisation to 
include fields such as social, cultural, psychological and artistic understanding and 
perceptions, which are less commonly used in scientific research. 
To develop the rich pictures for this research, the internet search facility Google 
was used to find images on particular topics and compile representative graphics. 
This method sparked many further ideas as the image search progressed. The 
soft-systems method is intended to be participatory and inclusive, involving a 
range of stakeholders. Since this was outside the scope of a single researcher, 
three rich pictures were developed representing the issues and priorities which 
emerged during conferences, workshops and seminars. 
5 'Relevant' is , as systems 
theory describes, understood to be a necessarily subjective term. 
Checkland, P. 2000. Soft Systems Methodology: A Thirty Year Retrospective. Systems Research 
and Behavioural Science, 17, S11-S58. 
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The first rich picture, Figure 6.1, is compiled from my perspective as a researcher 
with a broad holistic interest in the Irish Sea, sustainability and ecosystem 
resilience. It includes elements representing various levels of legislation, from 
local to international. Issues such as litter, oil spills and chemical, radioactive or 
endocrine pollution are represented, along with some of the typical pollution 
sources and representations of scientific stakeholders. Fisheries, transport, 
recreation and energy generation taking place within the marine and coastal area 
are shown, along with the Irish Sea Pilot marine boundaries. Land-based 
activities, such as scientific, political, economic and social interests are also 
incorporated, as are representations of recreational, educational and aesthetic 
values. 
After attendance at several conferences where the Irish Sea Pilot was discussed, 
a second rich picture was developed to show the issues highlighted by the UK 
statutory nature conservation bodies. This is shown in Figure 6.2. The major 
issues which emerged here were of compliance with a wide range of legislation, 
from the blue flag beaches to UNCLOS, and the role of nature conservation 
agencies in monitoring, recording, interpreting and providing scientific data, and 
input to policy making. The varied jurisdiction levels depending on the sector of 
interest, and the burden of red tape also feature here. Interestingly, no Irish 
institutions were represented. The focus of these bodies was largely on what was 
happening in situ in the marine environment, represented by monitoring of 
pollution, establishment of protected areas, wildlife deaths and remedial clean-up 
actions. The emphasis was, understandably, on conservation and enforcement of 
regulations, although this limited remit was assumed rather than made explicit. 
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Figure 6.1 Rich Picture I- Illustrating the key themes, issues and ideas about 
the Irish Sea from the author's perspective 
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Figure 6.2 Rich Picture 2- Themes, issues, actors and perspectives on the Irish 
Sea mentioned as important by nature conservation agencies during conferences 
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Figure 6.3 Rich Picture 3 Marine species conservation issues identified as 
important during a debate on fisheries and conservation at CoastNET 2003. 
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Finally, after some heated discussions at a workshop on the reform of the 
Common Fisheries Policy during the conference on Biodiversity and the Marine 
Environment (CoastNET 2003), a third rich picture was developed, shown in 
Figure 6.3. This again records the viewpoints of those concerned with 
conservation of marine species, as either a commercial or a natural resource. The 
polarisation of views expressed by conservationists and those representing 
fisheries or supporting the Common Fisheries Policy (CFP) during this discussion 
was striking, in particular because the ultimate aims of all three appear to have 
much in common. The major issues identified were by-catch and discards, with 
only cursory mention of co-dependent species, and there appeared to be 
agreement only on the failure of the CFP so far. The inadequacy of quotas as a 
means either to prevent fish deaths or conserve stocks, particularly in mixed 
fisheries was highlighted, as were issues such as gear restrictions, a fishing ban 
and the continued consumer demand for fish. The strength of popular feeling for 
marine areas, mammals and other charismatic mega-fauna in particular, is shown. 
Artwork and illustrations of the levels of financial support for NGOs concerned with 
these issues are included, alongside action-minded fishing communities. 
The most striking features to emerge from the rich pictures were the sectoral 
perspectives which persisted in the nature of the issues and problems raised, 
despite the commitment to an ecosystem approach. Many problematic issues 
were identified, yet there was no agreement on exactly what `the problem' was, 
effectively precluding the co-operative development of solutions. While 
conferences and workshops were focused on a variety of issues relating to marine 
management, over 50 key factors were identified, with attached issues and sub- 
issues, many of which overlap, and some of which are considered as irrelevant by 
some stakeholders. 
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The focus was almost entirely on the marine area and marine species protection, 
monitoring, research and management, rather than on a broader view of how 
these issues come about, how they relate to each other, what the underlying 
causes might be, why problems are occurring and even the underlying reasons 
why issues are perceived as problematic. 
The systems approach recognises the complexity of this particular type of situation 
and thus enables a more holistic, inclusive picture to be developed than the linear 
`problem - solution' approach which is appropriate to more strictly bounded and 
clearly defined issues. In systems terms, two types of issue or problem are 
recognised; a'difficulty', which is a fairly limited, well-defined problem, with general 
agreement on the type of solution needed; and, in contrast, what is known a 
`mess'. It is a feature of a mess that the problem or issue is hard to define: 
`The problem seems to be multifaceted and densely interconnected with a 
large number of things, events, people and processes. The problem 
appears to be unbounded: it seems to be interconnected with its 
environment. Human values, often conflicting, are often a feature of the 
problem. Often there have been previous attempts to deal with the problem. 
These may even have appeared to be successful for a time but it is a 
characteristic of a mess that the problem re-emerges later, perhaps in a 
slightly different form. ' (Armson 2003) 
From the definition given above, it is clear that in current UK marine management, 
we are dealing with the latter. 
This in part answers the question posed earlier, `Why is marine conservation 
failing to deliver? ' (Gubbay 2003), by suggesting that a premature identification of 
`the problem', without taking into account the full complexity of the situation, 
typically leads to a limited and inadequate solution, and the later re-emergence of 
problems in new forms. Addressing dramatic drops in commercial fish stocks by 
focusing entirely on fishermen, for example, is a case in point. Consumer 
demand, gear design, the use of single-species maximum sustainable yield 
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fisheries models which do not account for ecosystem effects, and inaccurate fish 
stock assessments have all played a role in fish stock depletion. Recent research 
(Reid et al., 2004) now indicates that changes in marine circulation patterns may 
also be a contributory factor, although whether the ultimate cause is anthropogenic 
or natural is still uncertain. 
6.2.2 Screening 
Recognising complexity is essential, but the next task is to identifying the most 
relevant issues or themes, if we are not to be overwhelmed by such complexity. 
The soft-systems approach develops a system of activity, the 7-stage cycle shown 
in Figure 4.1, which is specifically relevant to the purpose of the research. In order 
to do this it is initially necessary to construct a `root definition' of the core purpose 
of the research. This involves identifying the transformation which the author 
hopes to achieve. This was identified as `a non-sustainable Irish Sea 
management regime' transformed into `a management process which facilitates 
the emergence of sustainabilitV. For the system to be developed for this research 
a root definition was formulated as follows; 
`To develop a system of ideas for moving towards sustainability in a 
complex system, at the scale of the Irish Sea, and encompassing the full 
extent of interactions within the socio-ecological system' 
In order to bring this into focus a CATWOE table was constructed, as shown in 
Table 6.1, derived from Checkland and Scholes's Soft-systems Methodology in 
Action (1999). The CATWOE mnemonic stands for Customers, Actors, 
Transformation, Weltanschaung, Owners and Environmental constraints. The 
definitions of these are also given in Table 6.1. 
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In a real-world situation this table would be developed in agreement with all 
stakeholders, a process outside the scope of this research. A subjective 
interpretation of two other viewpoints which emerged from development of the rich 
pictures is included here for comparison, in the two right-hand columns of the 
table. 
Different perspectives are often what lead to conflict or disagreement that 
effectively prevents progress in problem situations. It is an important step towards 
conflict resolution to explicitly acknowledge, recognise and respect the viewpoints 
of diverse stakeholders. These viewpoints affect their definitions of the problem, 
their boundaries and their goals, as described in Section 6.2.1. Only once this is 
recognised, can a common goal can be developed. The focus on sustainability as 
a nature conservation issue rather than a social governance issue, is narrow, 
limiting, and possibly a cause of problems, rather than a solution. Thus a wider 
view involving sustainable interaction with our ecosystems, is argued for here. 
The exploration of the context conducted here has helped identify relevant 
stakeholders, from the list of customers, actors, and owners. It has identified 
areas which are outside the system of concern, such as natural change which we 
cannot control, and identified the specific purpose of this research, to move 
beyond the focus on fisheries or conservation, in contrast to the purposes 
identified by statutory and voluntary conservation bodies. The next stage is to 
define the boundaries of the system and identify the links between components 
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6.3 Soft-systems Stage 2: Problems and Opportunities 
6.3.1 Scale and Boundary Setting 
Ecosystems occur at a variety of scales, from the micro-habitat to the macro-scale 
regional waters classified by the Global International Waters Assessment (UNEP 
2005a). As the Irish Sea Pilot Project concluded, there is a hierarchy of 
appropriate management scales (Vincent et al. 2004), depending on the objectives 
of management. The ecosystem boundaries selected by the Irish Sea Pilot reflect 
a regional sea with largely similar parameters of temperature and salinity, and 
cohesive species assemblages (JNCC 2002). Although there will be a variety of 
smaller- and larger-scale state changes, in general state changes would manifest 
themselves in a similar manner throughout the region. For this reason, the Irish 
Sea Pilot's Ecosystem boundaries were chosen as the physical marine boundaries 
for this study. 
However, we are also examining an interlinked socio-ecological system. The 
physical boundaries were therefore extended to include human activities in the 
river catchment area of the Irish Sea on the initial assumption that rivers are the 
major vector for contaminants from land-based activities, and that the catchment 
area therefore forms a cohesive physical human-marine ecosystem. Both 
boundaries are shown in Figure 6.4. 
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But it is not only physical boundaries which need defining. Conceptual boundaries 
were also developed from the scoping exercise. Systemic viewpoints, as 
mentioned in section 6.1.2, are also hierarchical in nature, and can be shown at a 
variety of different conceptual scales appropriate to different transformations, as 
illustrated on the right of Table 6.1. The level at which the transformation is 
intended to take place serves to help in defining the conceptual boundaries of the 
system. In this case, for example, sustainable marine management of the Irish 
Sea will not be achieved solely by transformations at the level of a local protected 
area, or through nature conservation alone, although these may well play a crucial 
part. A local protected area can be seen as a system itself, or can be considered 
as a sub-system of the wider system of interest, as Figure 6.5 shows. 
Similarly, such a transformation would not take place at the UN or EU level, 
although these components have an essential contribution to make towards 
understanding of what is occurring in the Irish Sea. These components form part 
of the wider system `environment', of which the Irish Sea system is a sub-system, 
as shown in Figure 6.6. Climate change and associated impacts, such as 
increased coastal erosion, storm surge and flooding are system environment 
factors external to the system but impacting upon it. Action within the Irish Sea 
system would have a limited effect on these factors. 
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Conservation management on Skomer island 
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Figure 6.5 Skomer Island. Showing a sub-system of the Irish Sea, with 
components appropriate at that scale, but not relevant to the whole Irish Sea area. 
Irish Sea 
COSPAR 
UNCLOS 
(MARPOL 
System Environment 
Wider circulation 
- NAO, Gulf stream Climate change 
Irish Sea 
Marine monitoring 
-populations, 
species, habitats 
Regional 
c rculation patterns 
Marine activities 
regulation 
Land-based 
activities regulation 
Nutrients and 
pollutant emission 
regulations 
Figure 6.6 The Irish Sea and the Wider System. Key physical and legislatory 
components which influence the Irish Sea system and form the system 
environment, are shown. 
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A systems map of the Irish Sea showing the structure of the system of interest and 
incorporating over 40 issues identified from the scoping is shown in Figure 6.7. 
Both the Irish Sea and the system environment are shown. The system 
environment illustrated key external influences identified during the scoping such 
as climate change, national or international legislation enforcement and red tape. 
Within the Irish Sea system, related components are grouped together forming 
simplified representations of sub-systems, each of which could themselves be 
developed as systems. These sub-systems reflect the main broad types of activity 
which are occurring in the Irish Sea and are grouped together because they are 
linked either by regulation, jurisdiction or management, and therefore form areas 
where action could be taken. Fisheries, Shipping, Industry, Energy and 
Agriculture are all activities which affect the Irish Sea system. Population also 
affects the Irish Sea, but in a different, and less direct manner, through beliefs and 
values as well as simply through action. This is important to the interdisciplinary 
nature of this work and is developed further in section 7.5 and Chapter 8. 
Many other components could have been incorporated, but one of the main 
purposes of a systems map is to identify the key components, rather than include 
everything in what would ultimately be a very complex, and possibly unhelpful, 
picture. This ordered representation then formed the basis for the further 
development of the conceptual model, again using tools and methods described 
by Checkland and Armson (Checkland 2000; Armson 2003). 
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6.3.2 Influences 
The systems map served to identify components of the Irish Sea system for the 
purposes of this research. In order to further develop understanding of the 
system, the next stage was to identify key interactions. An influence diagram 
depicts the movement of influence, between components in order to identify who 
has `agency', or the power to influence, in a given situation. The systems 
rationale, methods and conventions used are fully described online in Systems 
Thinking and Practice (Shipp 2003). An influence diagram eliminates events, 
procedures and materials, focusing on identifying the flow of influence and 
identifying areas where there are strong chains of influence, or weak areas. 
The components identified in figure 6.7 were used to construct the influence 
diagram shown in Figure 6.8. The diagram is simplified to show only general 
components, such as `Industry', and only key influences, not all influences. The 
significance of flows of influence is shown by the weighting of the lines, and the 
direction of influence by arrows. Dashed lines indicate where the influence is 
weakest, for example, the influence of future generations. This is important to 
sustainability and to many NGOs, but weak in relation to the influence of the 
present strong interconnections between industry, energy, trade and shipping. 
Other key influences identified were the UN and the European Union, both of 
which exert a powerful influence on national agencies, and ultimately on what 
occurs within the Irish Sea ecosystem. 
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Influences on the Irish Sea National government policie European Union 
International Conventions 
Energy 
Environment Agencies 
OOW 
Fisheries Trade and Industry 
Agriculture 0 
Coastal 
NGOs management Shipping 
Economic growth 
Non sustainable Irish Sea 
ong-term .; " Global 
interests externalities Recreational Coastal 
., sea users Fora A Short-term 
interests 
General 
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----º Weak Influences 
No. Strong Influences 
Very Strong Influences 
Figure 6.8 Influence diagram, Illustrating interactions between key agents in the 
Irish Sea ecosystem. 
Influences can act positively to reinforce system structure, or negatively to break it 
down. Figure 6.8 shows the strong, mutually reinforcing, positive feedback loops 
between government policies, energy, industry, trade, shipping and economic 
growth, indicating a key area of particularly strong structural character which 
adversely affects Irish Sea sustainability, and that of other areas. No feedback is 
shown from the Irish Sea to these systems, indicating the author's perception that 
the state of the Irish Sea has little influence on these activities. A similar, strong 
positive feedback is shown between economic growth, externalities, short-term 
interests and overshoot, illustrating how the Irish Sea population is able to 
continue its non-sustainable activities at the expense of other ecosystems, as 
discussed in Chapter 2. The short-term viewpoint of many of these influences, 
identified in Table 6.1, is illustrated as influencing both of these feedback loops. In 
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contrast, negative or mitigating feedbacks are shown between the Irish Sea and 
the weaker, less interconnected influences of NGOs, coastal fora, recreational 
users and future generations. Long-term interests, including those of the general 
population, are shown as influencing the agenda of NGOs and international 
legislation. This link between long term interests and UN conventions such as 
Agenda 21 and the Biodiversity Convention (UNEP 1992), also influences EU and 
national policies, alongside other stronger influences. 
6.3.3 Multiple Causes 
Another way of using systems tools to clarify thinking about the system of interest 
is to look at causes. Among many positive and negative influences, it is helpful to 
identify which are the key causes of the state of the system which we are 
addressing through the transformation. Figure 6.9 shows a multiple-cause 
diagram, again developed following the systems techniques described by Shipp 
(2003). In order to develop a multi-cause diagram, starting from the root definition 
developed in the identified in the CATWOE exercise - in this case `a non- 
sustainable Irish Sea' - you ask yourself `What causes this? ' and for each answer, 
again `What causes this? ' developing chains of both direct and indirect causesks 
between them. The key reason for developing multiple cause diagrams is the 
identification of feedback loops which both construct the system itself and illustrate 
where opportunities for intervention may arise. Feedback loops show where 
mitigation is occurring, or could occur. These intervention points are shown in 
Figure 6.9 in red. Existing intervention points such as the Kyoto Protocol, the 
Water Framework Directive (EU 2000) and the OSPAR Convention (1992) are 
shown, although, as Chapters 1 and 2 have described, these mitigation measures 
are not always effective, as Figure 6.10 shows, again in red. 
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Figure 6.9 Multiple cause diagram of the Irish Sea system. Key regulatory 
areas which can counteract positive feedbacks are identified in red. 
Multi-Cause Diagram 
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Figure 6.10 Multiple cause diagram of the Irish Sea system. Areas where 
management failures were identified are shown in red. 
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Figure 6.10 shows a second multi-cause diagram illustrating where failures are 
known. Human activities and their physical impacts, coupled with management 
failures, cause a non-sustainable ecosystem. Often, it is an oversimplified 
conceptualisation of the issues which leads to such failures. The positive 
feedback loop, between fisheries legislation and modelling provides an example. 
The management of fisheries using maximum sustainable yield single-species 
modelling and quota levels not only failed by ignoring discards, bycatch, damage 
due to trawling (CEFAS 2001; ICES 2001; Brown 2004), but also failed to account 
for a crucial range of other factors present in the socio-ecological system such as 
the increased incentive to land fish illegally. The conceptual modelling applied in 
the next stage of the systems cycle develops this further. 
6.4 Basis for Modelling 
The development of this extended version of the soft-systems cycle covers a much 
broader area than the initial footprint mapping. Soft-systems methods have 
resulted in the identification of influences on the marine ecosystem and multiple 
causes of marine state changes. Key influences, links and feedbacks have been 
identified for use in modelling. This broad approach extends beyond conservation 
or nature management to reflect the complexity of the human-marine socio- 
ecological system. It illustrates how key societal factors combine to make 
ecosystem damage such a persistent feature of the system. 
The next stage of the soft systems cycle is to use these insights to develop a 
model of the system of concern. The key factors identified above are now 
developed as elements of the DPSIR framework, and this is used to explore the 
system of concern in the fourth and fifth stages of the exploratory systems cycle, 
and described in Chapter 7. 
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Chapter 7 Applying the DPSIR Framework 
`Not everything that can be counted, counts, and not everything that counts can be 
counted. ' Attributed to Einstein, A. Apocryphal. 
7.1 Introduction 
The systemic approach to scoping and screening helped develop a 
comprehensive picture of the Irish Sea as a socio-ecological system, showing both 
physical and social factors and including both hard and soft data. This simplified 
and clarified a complex network of interactions and highlighted key causal factors 
to be considered in the analysis. 
The next stages of the systems cycle involved using the DPSIR framework as a 
conceptual model, alongside an ongoing evaluation of the modelling. The focus is 
on the Irish Sea and its catchment area. A broad base of datasets and information 
on the associated components of the DPSIR framework were explored. GIS was 
used to develop maps of the catchment area and calculate population, land use 
and emissions figures. A picture of the Irish Sea socio-ecological system in and 
around the year 2001 was developed. Full details are in Appendix I, and the 
results are summarised here and discussed further in the light of what was 
learned, in Chapter 8. 
Applying the DPSIR framework proved far from straightforward. This chapter 
illustrates the key changes in the drivers, pressures and state changes section of 
the DPSIR cycle, and describes how a data dichotomy emerges within the cycle 
when considering impacts on the human system and responses. The importance 
of this is discussed with reference to the research aims, and a solution is 
suggested which is developed further in Chapters 8 and 9. 
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7.2. The DPSIR Framework 
7.2.1 The DPSIR Concept 
The DPSIR framework has its origin in an ecological stress-response model 
(Rapport et al., 1979) elaborated and extended to include social variables, with 
incarnations such as P-S-R and D-S-R (FAO Virtual Resource and Development 
Centre 2004). The full D-P-S-l-R framework is now used by both UNEP and the 
EEA as an outline for indicators addressing social and ecological changes (OECD 
1993; Earthwatch et al., 2003; European Environment Agency 2006). The 
language of drivers, pressures, responses etc. is to be found in many papers and 
discussions about environmental issues (Crooks et al., 1999; Elliott 2002; Belfiore 
2003; Bowen et al., 2003), indicating widespread diffusion of the concept. 
However, users of the framework, in particular Turner et al. (1999), stress its use 
as a conceptual tool outlining key nodes in a complex network, rather than a 
model (Turner et al., 1999b; Turner 2001; Elliott 2002; Ledoux et al. 2002). These 
authors also refer to difficulties in identifying key nodes, difficulties with temporal 
and spatial scale, and with the implied linear nature of the causal links. Difficulties 
distinguishing between 'natural' and anthropogenic change, and between 
beneficial as well as detrimental state changes, have also been identified (Berger 
et al., 1997). These difficulties emerged as both limiting and informative during the 
application of the DPSIR framework, and are discussed further in Chapter 8. 
However, the DPSIR approach was used in developing a model of the Irish Sea 
system despite these known limitations, because of its power to conceptualise a 
whole system, rather than parts, and because it covers both sides of the 
disciplinary divides this research is intended to address. 
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7.2.2 The DPSIR Components 
Table 7.1 shows a more in-depth definition of the DPSIR cycle, summarised from 
Crooks and Turner (1999). The focus is on human activities, which can be carried 
out in ways which lead to variable pressure levels and state changes, although we 
are very far from knowing the full implications of all our activities for ecosystem 
resilience. Neither do we manage or control natural processes. However, as 
evidence for anthropogenic state changes accumulates, it is becoming imperative 
to address the causes of these state changes. 
Table 7.2 shows how the key human activities identified at the scoping and 
screening stages (Figures 6.7,6.9 and 6.10), were included in the DPSIR 
framework. Components also represent sub-systems of interlinked physical and 
societal aspects at different scales, within and between which there will be 
feedbacks. The ways in which drivers lead to pressures and cause state changes 
are mediated by management actions such as those identified in Figures 6.9 and 
6.10. These represent responses to perceived impacts, which have emerged 
through a societal consensus, mediated by multiple conflicting issues. They are 
not necessarily planned responses, and they do not necessarily achieve their 
stated aims. Ecosystem state changes compete for attention with other influences 
- social issues, interests and priorities, again forming a complex sub-system. 
Many societal influences, such as, education, income, short- or long-term 
perspectives and multiple values determine which state changes are considered 
important. Responses again will be socially mediated through another complex 
sub-system which determines what the responses, if any, will be. Responses can 
address the driver, pressure or state change level, and pre-emptive action in the 
light of suspected adverse impacts is also possible. We may also fail to respond, 
for a variety of reasons which are discussed in depth in Chapter 8. 
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Table 7.1 DPSIR Components, coastal and marine examples. 
Socio-economic Drivers EG - Urbanisation, transport, trade, tourism, 
fisheries. 
Pressures EG - Dredging, waste disposal, oil and gas 
extraction. 
State Changes Nutrient and sediment changes, habitat and 
biodiversity loss, eutrophication, water pollution. 
Impacts Changes in ecosystem process or function which 
impact on human welfare. 
Responses Policy options 
Source: Crooks et al., 1999. 
Table 7.2 Key DPSIR components in the Irish Sea. 
Direct links from drivers to pressures are shown, but links between pressures and 
state changes, are shown as converging to affect resilience. State changes link 
impacts on the human system in an unevenly distributed manner and responses 
are socially mediated. 
Drivers Pressures State Impacts on Responses 
Changes the human 
system 
Population Emissions, 
land occupation. 
Physical 
Agriculture Land use. disturbance, 
Agricultural pollutant 
practices, soil presence, Welfare Variable and 
degradation. habitat, losses or mediated by 
population gains. multiple 
Industry Emissions. Sea and species value- 
Energy bed use. changes. Unevenly conflicts. 
distributed. 
Sea Use Emissions, All affecting 
installations, ecosystem 
noise, resilience. 
disturbance. 
Fisheries Disturbance and 
mortalities. 
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The links between components form complex sub-systems, and are not always 
directly traceable, as shown in Figures 6.9 and 6.10, where multiple causes can be 
seen to interact and converge. Population drives emissions such as nitrates, but 
also contributes to this pressure indirectly through agriculture, industry and 
shipping, leading to marine state changes, impacts and responses. Although the 
causes are complex, anthropogenic changes in drivers and pressures can be 
illustrated using hard datasets. In other cases, although there are datasets 
measuring the presence in the marine environment of anthropogenic substances, 
the origin may be diffuse, external to the system, or unclear. It can be difficult to 
distinguish natural and human-induced change, and many different temporal and 
spatial scales have to be taken into account (Folke et al. 1996; Chave et al., 2002; 
Holling 2004). 
The DPSIR framework is also an active framework rather than the passive, 
snapshot viewpoint which was given in the footprint map. As the term state 
change implies, drivers, pressures, state changes, impacts and responses all 
change over time, and can be changed in the light of new knowledge or activities, 
technological developments, ecosystem changes, scientific or social 
understandings and cultural priorities. Although a component may be changing 
over time and at a variety of spatial and temporal scales, additional components 
also need to be taken into consideration. This rules out the possibility of drawing 
simple correlations between components. Instead, the focus was on identifying 
only the key elements and feedbacks, in line with the conjunctive logic described 
in Chapter 4, Table 4.1. Table 7.3 lists the datasets developed for the Irish Sea by 
combining national datasets and excluding areas not in the Irish Sea. Data 
availability determined to a large extent what was represented. Difficulties 
regarding data and disciplinary distinctions are discussed in sections 7.3 and 7.5. 
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Table 7.3 The Data used to explore the DPSIR components. 
Datasets were developed to represent each of the components shown under 
Drivers, Pressures and State-changes. Similar datasets were not found to 
represent Impacts and Responses. 
D-P-S-I-R definition Representative Dataset 
Drivers 
Population Density, land occupation 
Population, GDP, domestic consumption, waste. 
Land use Types of agriculture, N/P use pesticide use, set 
Agriculture aside, organic production. 
Industry Locations of industries, types of industry, types of emissions, 
emissions technology 
Energy Location of energy sources. Types of energy generation, 
technology and emissions. 
Shipping Port tonnage, shipping and ferry intensity Type and volume of 
shipping, passenger numbers and emissions 
Fisheries Fishing intensity Type and size of fishing fleet technology, 
effort limitation. 
Direct (marine) Pressures 
Population inputs Riverine and point source N&P. 
Agricultural inputs Riverine and point sourced N&P, pesticides. 
Industrial inputs Riverine point and diffuse source pollutants. 
Energy production pressures Oil, gas, wind energy installations and pipelines in the marine 
area. Cuttings piles, radioactivity. 
Sea uses/ Aggregate extraction, cable laying, dredging, dumping noise, 
shipping oil spills. 
Fishing pressures Fish catches, areas of beam trawling. 
State Changes 
Populations Fish stocks, plankton blooms 
Species Alien species 
Habitat Regime changes 
Contaminants in water, sediments and biota, 
sediment core records. 
Impacts Multiple, diverse and socially mediated 
Responses Legislation, NGOs, education 
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7.2.3 Data Limitations 
Because primary data collection was beyond the scope of this project, the maps 
developed are composites based on data compiled from many different sources. 
The lack of access to some data influenced what it was possible to represent. 
Even where data were accessible, there were differences in base years or units of 
measurement. In addition, there is an issue regarding which data it is considered 
worthwhile to monitor, collect, and publish, why, and by whom. This presents a 
major challenge which will be returned to in Chapter 8. 
Data are collected sectorally by many different agencies, so there was an 
inevitable sectoral structure to the mapping. In addition, some data are 
commercially sensitive, for example the types and toxicity of drill cuttings mud, and 
some data were found to be prohibitively expensive to acquire, in particular the 
types and numbers of ships using known shipping routes (Lloyds, pers. comm., 
2005). Where available, spatially referenced datasets were assembled from 
online sources, or were supplied electronically in table format. Where spatially 
referenced datasets were not available, maps were developed and data were 
compiled and linked to the attribute table of the map. Where no spatial data were 
available, regional or national per capita figures or trends were used. These were 
especially useful for long-term datasets with limited spatial coverage. 
Before the main DPSIR analysis there are three additional points which must be 
highlighted. First, there may be certain irreducible pressures attached to 
population numbers. However, this does not preclude moving towards the 
minimisation of these pressures. Secondly although population is a fundamental 
driver of ecosystem pressures, all the drivers involve societal choices and offer 
scope for change independently of population numbers. These are therefore 
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considered as independent, rather than population dependent, drivers. Thirdly, 
the scoping conducted in Chapter 6 identified factors which affect the Irish Sea 
ecosystem but are not wholly part of the system itself. These form the system 
environment, and include both physical and conceptual factors, such as global 
climate changes, legislation, the dominant economic paradigm, and meta- 
narratives affecting societal attitudes. The DPSIR framework is therefore not a 
closed system. The Irish Sea, as well as being subject to external influences, can 
drive pressures, state changes, impacts and responses manifested elsewhere. 
7.3 Drivers and Pressures 
7.3.1 Mapping 
Mapping of drivers and pressures was used to calculate total population, land use 
and emissions levels for the Irish Sea. A shapefile drawn to show the catchment 
area of the rivers draining into the Irish Sea was used to `cookie cut' as 
ArcCatalog, (2002) describes it, or `clip', the national or international level 
datasets. Clipping a map results in an attribute table containing only the data for 
the area selected. 
Figure 7.1 shows population density in the catchment area of the Irish Sea, and 
was used to calculate the population, approximately 13.5million6, and the area of 
the catchment, approximately 65,000km2 . CORINE land cover classification data 
(EEA 2004a) and data from the Land Cover map of GB 2000 (CEH 2003) were 
used to map land-use and human occupied land, as shown in Figures 7.2 and 7.3. 
Locations of industry and energy production are shown in Figures 7.4-7.6, which 
were used to calculate industrial emissions for the catchment area. Full details of 
map development are given in Appendix I. 
6 This was the adjusted figure after using historical data to account for the Irish Census being 
conducted in 2002, rather than 2001. See Appendix 
116 
7 
Population Density 2001 
Persons per km sq 
2-50 
51 - 100 
101 - 500 
501 -1000 
1001 - 2500 
2501 - 5000 
5001 - 7500 
mwwm Study Area Boundary 
I 
i1   
4 
r. 
I 
0 20 40 80 Kilometers 
IIIIi 
ýº w 
A: st 
,ý 
". a 
ý: ý 
aý ýýý 
, yý 
r, 
", e 
' :.,., 
v,. ÄÄÄ; "'" 
ý.. 
i 
V'°; 
.: `°. 
Y 
.ýýy. 
rý 
ý; ý. 
 
Figure 7.1 Population Density in the Irish Sea River Catchment Area, 2001. 
Compiled using ESRI ARC GIS v. 9. Data Sources: Coastline supplied by Irish Sea 
Pilot Project. Irish Sea Catchment area boundary drawn from Hydrometric Areas 
of Ireland ( EPA, 2002) and Digital Spatial Data Supplied by CEH Wallingford, UK 
Borders/Edina, Ordnance Survey Ireland, Isle of Man Census Report 2004, 
Census Statistics Office, Ireland, Casweb 2001, Census. 
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Figure 7.4. Locations of chemical industries in the Irish Sea catchment area 
2001/02. Data Sources: EPER database and UK Environment Agency 
`''QCM"=- r ý, -" ýr Metal Industry Locations 
Metal Production ' 
Metal Products 
r 
ýC 
9 15 90 1p0 KlometKc 
ILAii 
J. 
- 
" Y' ,I 
Ii- 7 
Figure 7.5. Locations of metal industry in the Irish Sea catchment area, 
2001/02. Data Sources: EPER database and UK Environment Agency 
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Figure 7.6 Locations of mineral industries in the Irish Sea catchment area, 
2001/02. Data Sources: EPER database and UK Environment Agency 
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Figure 7.8 Locations of energy industries in the Irish Sea catchment area, 
2001/02. Data Sources: EPER database and UK Environment Agency 
Other Industry Locations 
Food and Beverages, incl, slaughter 
Textdes and Textile Pproducts 
Leather and Leather Products 
Pulp, Paper and Paper Products 
Carbon or Graphite Industry 
Paint Application 
Textilelteather finishing 
Printing Industry 
Enteric fermentation, pigs, poultry or sows 
40 
'0 
., 
Figure 7.9. Locations of `other` industries in the Irish Sea catchment area, 
2001/02. Data Sources: EPER database, UK Environment Agency. 
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Although the main land-based drivers were population, agriculture, industry and 
energy generation, mapping these was not very informative without additional data 
about how these activities were carried out. Clearly the number of people in the 
catchment area drives a variety of pressures and may ultimately result in state 
changes on land and in the marine system. However, one of the main messages 
of eco-footprinting has been that it is the types of activity carried out by 
populations, and the levels of resource use and associated environmental damage 
and technological remediation used, which determine how sustainable a society is 
(Ecological Footprint Network 2004). 
Ehrlich and Holdren (1972)'s formulation, IPAT, where: `Impact = Population x 
Affluence x Technology', highlights the fact that population numbers alone fail to 
tell the whole story. `Affluence' correlates approximately to the quantities of goods 
and resources consumed and waste produced. `Technology' reflects resource use 
and remediation measures. Both these key factors can exacerbate or ameliorate 
the ways in which population numbers cause ecosystem pressures. Development 
of the IPAT formula to include population behaviour (Schulze 2002; York et al., 
2003), and behavioural choices (Roca 2002), emphasises the key role of societal 
factors and choices in developing sustainability. It is one of the challenges of 
sustainability to minimise ecosystem pressures in the face of multiple, competing, 
societal drivers such as economic growth and cultural norms. The key role played 
by societal choices in pressures and state changes, is covered in Chapter 8. 
The activities associated with the population and the pressures they lead to are 
documented by a variety of sources. Many data are incorporated in sustainability 
indicators used by the European Union, the UK and Ireland (European 
Environment Agency 1999; Stapleton et al., 2000; DETR 2005). The European 
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Union has also developed a series of indicators based on the DPSIR framework, 
but data for all these indicators are not yet available, and where there are data, 
they are limited in temporal coverage. Other sources were then examined for 
changes over time of both Drivers and Pressures and a summary of changes is 
presented in Table 7.4. The underlying data are in Appendix I. 
Past change and future projections were used to determine the overall trend 
shown by the arrows. Increases in drivers and pressures are illustrated by red 
arrows. It was found that the majority of the land-based pressures are increasing, 
with rises in the area of land occupied by human activities, increased numbers of 
households, vehicle numbers, waste production and domestic energy use (see 
pages 238 and 239, Appendix I. Land appropriation pressure is particularly strong 
in the coastal areas where strong housing demand and recreational use combine 
with coastal erosion pressures, again projected to increase. Taken together with 
data on GDP, Direct Material Consumption (DMC) and types of household 
expenditure (Appendix I, page 239), all these factors are indicative of increasing 
consumption levels which add to environmental pressures, although not 
necessarily in the Irish Sea itself. Imported inputs to the UK economy may lead to 
pressures elsewhere, and greenhouse gas emissions may add to global 
pressures, some of which are felt in the Irish Sea system. Increases are shown in 
shipping and ferry traffic, both closely connected with consumption levels, and 
both adding to pressures in the Irish Sea as well as elsewhere. Nuclear waste 
production, connected with both industry and domestic energy demand, is also 
projected to increase (DEFRA 2004), whatever the outcome of the present debate 
on the construction of new nuclear power plants to meet our obligations under the 
Kyoto Protocol. 
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Table 7.4 Changes in Drivers and Pressures 
Population change/projected change 
Human land-appropriation 
Coastal erosion 
GDP 
Household numbers I 
Vehicle numbers 
Recycling 
Waste collected 
Domestic energy consumption 
Household spending on recreation, transport, home furnishings 
Imported inputs to UK economy 
UK inputs to UK economy 
Consumption levels 
CO2 Emissions 
Agricultural land use 
Livestock farming (intensive) 
Pesticide use 
Fertiliser use 
Set-aside and organic land use 
Industrial emissions 
Nuclear waste 
Renewable energy use 
Shipping 
I   
Ferry traffic 
Riverine inputs ( monitored) 
NOTE: Arrows indicate changes in ecosystem pressure. 
Increase 
Decrease 
Uncertainty or ambivalence 
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The agricultural sector also showed increases in pressures with a slight increase 
in farmed area converted from wild areas, particularly in Ireland (Figure A5 and 
pages 246-248, Appendix I). There have been increases in livestock numbers, 
particularly poultry, possibly adding to nitrate pressures (Figure A6, p249, 
Appendix I). Although fertiliser use is falling in Ireland, pesticide use is increasing 
and farming is becoming more resource intensive (Figure A7, page 250 Appendix 
I). In some cases farming emissions are so high as to be regulated under 
industrial emission legislation (EU 1996). 
The green arrows show increases in activities which may ameliorate pressures, 
such as recycling, which is increasing within the catchment area. National figures 
also show rises in the area of organic farming, and set-aside land, (Figure A8, 
Appendix 1, page 246). The use of renewable energy is included here, since the 
percentage of energy from renewables is expected to increase with the 
development of wind farms in both the UK, at North Hoyle and Arklow Bank in 
Ireland. UK projections are for 10% in 2010, and 60% in 2050 (DTI 2005c) and for 
Ireland, 13.2% in 2010 (Sustainable Energy Ireland 2005). Although renewables 
are not without ecosystem impacts, these are of a different scale to those of global 
warming and therefore considered a fall, rather than a rise in pressures. 
The yellow arrows show areas where the results found were ambiguous. For 
example, the inputs to the UK economy have fallen, indicating an apparent 
pressure reduction, but not only are we shifting this pressure elsewhere by 
importing more, we are also adding indirectly to pressures from shipping and air 
transport, some of which is likely to contribute to Irish Sea state changes. 
Pressure from fertiliser use is shown as ambivalent because, despite a recent fall 
in application, nitrate levels are still high in many areas of the catchment (DEFRA 
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2001), and OSPAR data indicate that evidence for a drop in riverine inputs is not 
reliable (OSPAR 2005). Riverine pollutants are also shown as ambivalent for the 
same reasons, and because although sewage treatment is improving, medication 
and persistent organic pollutants are not removed by treatment, and their use is 
increasing (Allchin et al., 1999; Royal Commission on Environmental Pollution 
2003). Industrial emissions are shown as ambivalent because while measured 
emissions overall are falling in most cases, there are increases in C02, and there 
has been a change in the types of emissions as heavy industry and manufacturing 
have relocated. While the unregulated discharges of the past no longer occur, 
these pressures may be relocated elsewhere, and have been replaced by new 
pressures in the form of radioactive waste, endocrine disruptors and the 
`between 30,000 and 100,000 chemicals on the market in some shape or form 
... with several hundred new substances added every year. Of these, less than 5% 
are approved ... The rest can be used unless specifically regulated against. ' (Royal Commission on Environmental Pollution 2003) 
As Figure 7.4 shows, the northwest is still an important location for the chemical 
industry. Industrial pollution is currently regulated by emissions legislation, to both 
air and water. Two consequences of this are, firstly, that smaller installations 
which contribute to the overall emissions burden are not obliged to report, so the 
emissions pressure of many small installations, which may be greater than that of 
one large one, goes unrecorded. Secondly, emissions which may lead to as yet 
undiagnosed pressures, either singly or cumulatively, are not accounted for. This 
highlights another important aspect of monitoring and legislation in a rapidly 
changing world - that it may simply fail to keep up. Monitoring, research and 
legislation against `harmful' substances moves far more slowly than these rapid 
industrial changes, highlighting a mismatch between changes in pressures and 
corresponding state changes, impacts and responses. 
127 
Already, a complex network of interconnecting variables is emerging, with links to 
drivers and pressures both within and outside to the system. The full picture is 
clearly even more complex than is shown here. The relationships between drivers 
and associated pressures are clearly not linear. Many more datasets could have 
been assembled to illustrate land-based drivers and pressures, but the aim is not 
to produce an exhaustive and reductionist analysis, rather to give a whole system 
overview of key factors. 
7.3.2 The Pressure-State-change Interface 
The coastal zone is of particular importance because it represents the main area 
where society interacts directly with marine ecosystems. The concentration of 
human activities at the coast leads to habitat encroachment by land occupation for 
industry, ports, tourism and recreation. In addition, sea level rise and marine 
climate change may lead to the construction of hard coastal defences or managed 
realignment leading to further habitat loss. These factors combine to produce 
`coastal squeeze', a pressure which is likely to increase as global warming, and 
the human preference for living near coasts continues. 
However, loss of habitat is in itself a state change, with the resilience of the 
ecosystems concerned being eroded through habitat loss. Similarly, although 
anthropogenic riverine inputs from land based activities, illustrated in Figure 7.9, 
can be viewed as a pressure, removing the pressure does not remove the 
contaminant, and a state change has therefore taken place in the marine 
ecosystem. Appendix 1 shows a full list of the discharges, and details how the 
maps were compiled. 
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Historical changes in inputs are not well documented, since there has been very 
little consistent monitoring of discharges. Overall, the changes in habitat due to 
the presence of contaminants are summarised by OSPAR as: 
`widespread downward trends in the concentrations of hazardous 
substances in the North East Atlantic. Nevertheless, the majority of 
measurements show that concentrations of both naturally occurring and man- 
made contaminants remain above long-term targets. (OSPAR 2005). 
From the literature, Dublin's Tolka estuary for example, like many others (Attrill et 
a/., 1995) forms a `trap for metal contaminants from various anthropogenic 
sources' (Buggy et al., 2003) so sediments which were once relatively low in 
contaminants, are now enriched. It is here that the DPSIR framework begins to 
break down. It is not clear at what point an anthropogenic pressure becomes a 
marine state change, and the issue is further complicated by the legacy of marine 
state changes which are a result of past pressures that have now ceased, such as 
the metals deposited in the past by heavy industry. 
7.3.3 Marine Pressures 
A similarly fuzzy boundary emerges when considering the presence of structures 
in the Irish Sea. A report from the University of Hull, (Boyes et al. 2005), illustrates 
the complexity of the many legally permitted activities in the UK sector of the Irish 
Sea. These sea use pressures either lead to, or are in themselves, state changes, 
and also appear to be increasing, as competing demands for usage of marine 
space emerge. Shipping, as identified in Chapter 6, is closely linked with industry 
and trade patterns, as well as affluence levels of the population, which drive 
consumption, imports, transport and travel. Appendix I shows port tonnages, 
passenger numbers and ship sizes are all increasing over time, and expected to 
continue to do so. 
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Figure 7.12 shows maps of shipping routes, ferry intensity (Vincent et al. 2004) 
and sulphur oxide emissions from ships redrawn from an EU commissioned report 
(Entec UK Limited 2002). Similar distribution patterns were found for other 
airborne emissions from ships. It is not only vessel emissions which lead to 
pressures. Noise, disturbance due to pressure waves and wash, dredging and 
dumping, also add to pressures on the ecosystem, and these pressures are likely 
to increase with the projected trends for larger ships and faster port throughput 
meaning more intensive port use (DFT. 2000). In addition, linking back to land use 
pressures, larger ports require more land for cargo and container storage and 
facilities, adding to coastal squeeze in some areas and the area of brownfield land 
in others. Dredging, associated with shipping lanes, tends to displace longer lived 
species due to the frequent disturbance and favouring species with shorter life 
cycles. The associated dumping of spoil causes sea-bed smothering and the re- 
suspension of toxins and contaminants. This is especially so where contaminant 
rich sediments - such as are often found in estuaries, ports and shipping channels 
- are involved. Although dumping of sewage sludge ceased in 1998 (EU 1998) 
dredging and dumping of spoil continues. The tendency towards larger ships may 
increase this pressure and also lead to more widespread state change, such as 
continual noise, concentrated in fewer, larger ports and intensifying the impact 
area around estuaries. 
Fisheries are another pressure on the marine ecosystem, not only through 
mortality but also disturbance from beam trawling and food resource losses for 
other species, both predator and prey. In common with many areas of the NE 
Atlantic, fish stocks in the Irish Sea have declined considerably in the last century 
(CEFAS 2004; Vincent et al. 2004). As shown in Appendix I, numbers of 
fishermen and vessels have decreased, but fishing pressure has intensified due to 
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technological improvements (Cabinet Office 2004; Clarke 2004; Jennings et al., 
2004). In addition, target species have changed in response to falls in stock 
numbers, with demersal fisheries using damaging beam- or otter-trawling 
replacing formerly dominant pelagic fisheries (Starkey et al., 2000). 
7.3.4 The Marine Ecosystem 
Although evidence of the multiple anthropogenic stresses on Irish Sea habitats is 
given above, the consequences for populations and species are difficult to define. 
Land based drivers combine the pressures associated with population, energy, 
industry, trade and transport, despite decreases in some emissions, and these 
impact on the Irish Sea through riverine discharges. In the marine area, pressures 
from shipping traffic and marine structures are increasing, while although fishing 
mortality is decreasing, this is due more to low stocks than to a reduction in 
pressure. Habitat degradation is shown through the discharge of increasing 
numbers of anthropogenic substances, some of which, such as TBT have effects 
at very low doses. There are increases in plastics, and the cumulative presence of 
POPs, heavy metals, and radionuclides, particularly if viewed over the long term. 
Stocks of commercial fish are low (CEFAS 2001) and bird populations have 
suffered a recent drastic drop indicating a possible drop in prey species numbers 
(JNCC 2005a). Non-native species are increasingly found either as a 
consequence of ship movements or due to deliberate introduction for commercial 
cultivation(Marrs 2005). Elevated nutrient concentrations and changes in plankton 
composition have been observed, along with temperature changes and northward 
movement of some fish species (Gowen et al., 2000; Kennington et al., 2003; 
Nash et al., 2004; Reid et al. 2004). Habitats, populations and species numbers 
are changing, and it appears that human activities, both within and beyond the 
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Irish Sea socio-ecological system, are at least partly responsible for these state 
changes. 
7.4 Resilience 
7.4.1 Ecosystem State changes 
An ecosystem is a dynamic and complex whole formed by the interactions of 
populations and species with their habitat - the product of millennia of evolution. 
The addition of concentrations of naturally occurring or anthropogenic substances 
to an ecosystem introduces stresses to that system, particularly if the system has 
not evolved means to interact with and absorb those substances. Stresses at low 
levels may be easily accommodated, and are not necessarily detrimental7. 
Introduced substances however, may reach the point when they interfere with 
feedbacks. When these links which maintain the system are eroded or broken, the 
system will revert to a lower level of complexity, as described in Chapter 2 
(Scheffer et al. 2001). This change will occur more readily when the substances 
introduced are toxic, carcinogenic, affect reproduction, or lead to genetic defects, 
as do many man-made substances. Indeed, toxicity itself could be defined as the 
ability to induce a systemic breakdown. You can't eat money, you can't eat 
Mnemiopsis leidyi, the trophic dead end species which has colonised the Black 
sea (Shiganova 1998), and very little in any ecosystem can eat the increasing 
quantities of plastic waste found in our seas (Demicheli 1996; Barnes 2002). 
7.4.2 Thresholds 
Marine ecosystems exist in a state of dynamic equilibrium, with small and large 
scale changes occurring at a variety of timescales. Some changes may be parts 
of natural cycles, occurring without human agency, and other changes may be due 
7 For example, increases in nutrients can increase estuarine productivity enabling it to support a greater 
complexity of life. It is only when these levels lead to excessive phytoplankton production and anoxia, that 
adverse eutrophic effects occur. 
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to human activities occurring globally, or at a wider scale than the Irish Sea socio 
ecological system, illustrating the porous nature of ecosystem boundaries. 
Determining which changes are affecting resilience is not difficult. The changes 
described above - degradation of habitat through physical disturbance and the 
introduction of contaminants, interference with interactions and the erosion of 
population numbers - will undoubtedly lower ecosystem resilience by weakening 
the interactions and functioning of structural components. What it difficult 
however, is to quantify ecosystem resilience and to determine threshold levels. 
These are both variable and context sensitive (Walker et al., 2004). Multiple and 
cumulative causes of change exist, and a single, small extra change added to a 
series of incremental changes may be enough to cause abrupt phase shifts into 
alternative, not readily reversible, steady-states (Scheffer et al. 2001). 
Yet the presence of some anthropogenic substances is inevitable in a socio- 
ecological system. The problem which emerges here is that we appear to have no 
way of knowing if the ecosystem is close to the threshold point, where a small 
increase in a single component might be enough to cause a systemic change. 
The question we urgently need to answer is where the threshold lies, and how can 
we know when we are approaching a regime change, and the accompanying 
period of chaos or `creative destruction' (Holling 2004), which may well impact 
adversely on our socio-ecological systems. Yet, due to the complexity of socio- 
ecological systems and the stochastic nature of interactions modified by both 
positive and negative feedbacks, we have no way of knowing, exactly and for 
certain, how our activities will affect our ecosystems. This uncertainty, and its 
consequent limitations to our predictive ability, is an important limitation of the 
DPSIR approach, and will be discussed further below and in Chapters 8 and 9. 
136 
7.5 Discussion 
7.5.1 Data 
While Chapter 6 showed that marine state changes have impacted on the human 
system, data on impacts and responses were sparse. The EEA core set of 
indicators, (Appendix I, page 270, Table Al 1) show only 3 impacts and 7.58 
responses out of the 35 indicators developed by EEA. UK and Irish indicators do 
not follow the DPSIR format. However, in the past century, much legislation has 
been implemented in response to health impacts such as air and water pollution, 
economic impacts such as fish stock declines, or impacts on human welfare by 
protecting areas and species. These are illustrated by Habitats and Bathing Water 
Directives (EECEU 1976a; EU 1992a), and the implementation of the Water 
Framework Directive (EU 2000), among others. There has also been a rise in 
NGO numbers and members, (Halsey et aL, 2000), including environmental 
pressure groups such as Greenpeace, WWF, Friends of the Earth and Surfers 
Against Sewage. 
These legislatory responses have been at national or international level, driven 
from the top down by international conventions, or indirectly by changes in public 
opinion, as illustrated in Figure 6.8, rather than originating at the level of the Irish 
Sea and determined by ecosystem-scale state changes. However, with the 
exception of the Irish Sea Forum, now closed, the Irish Sea Pilot represents the 
first attempt to collate any data in this area at the regional sea scale, so any 
impacts or responses at this scale would previously have been impossible to 
identify. Impacts, responses and the questions of scale are further discussed in 
Chapter 8. 
8 The 0.5 classification indicates the difficulty of assigning a figure to what may be partly a positive and 
partly a negative change, in this case waste and recycling. 
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7.5.2 Data Dichotomy 
In attempting to identify ways in which changes in the state of the Irish Sea 
ecosystem impact on the population, a data dichotomy emerged. Data on impacts 
and responses were found to be of a qualitatively different type to the hard data 
used for mapping. 
Measurement of the biophysical world uses objective data on quantitative factors 
such as size, quantity and area. Ecosystem state changes, for example, can be 
measured as shown above, by changes in nutrients, contaminants or species 
assemblages. The impacts of these on the human system, although they can be 
quantitatively measured in terms of health, wealth and welfare, are of a 
qualitatively different type. The impacts of marine state changes on the human 
system are multiple, irreducible, diverse, contested and context-sensitive. Impacts 
will vary according to social factors such as education, advertising and income 
levels, and compete with many other impacts of greater or lesser relative 
importance to different people. They are, in contrast to the quantitative data 
explored so far, subjective. 
Figure 7.13 illustrates how these qualitative differences divide the DPSIR 
framework. The differences derive from the different levels of understanding, or 
ontologies, illustrated in Figure 7.14. While pressures and state changes are 
measured by data from the levels of physics, chemistry, biology and ecology, data 
on impacts and responses derive from the level of anthropology, psychology and 
even arts. 
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Natural Sciences 
Quantity PRESSURES `WHAT HAPPENS' 
Needs Speed 
Wants 4 
Volume STADRIVERS 
Power 
(: 
CHA: NGES 
4 
Social Sciences Area 
'WHY IT HAPPENS' Beliefs 
Values Size 
RESPONSES Feelings 4 
IMPACTS 
Figure 7.13 The Data Dichotomy within the DPSIR Framework. 
Showing the epistemologically different data types - quantitative and qualitative - 
required to illustrate the full cycle. 
`Ways of knowing' 
- An Epistemological Order 
Physics - Interactions of particles, forming atoms 
Chemistry - Interaction of atoms, forming molecules and compounds 
Biology - Interactions of molecules and compounds, 
forming cells and organisms 
Ecology - Interactions of organisms with each other and their 
environment, forming populations and communities 
Anthropology - Interactions of populations and communities 
forming social structures, religions, cultures, politics, ethics 
Psychology - Interactions of social structures, religions, cultures, ethics, 
forming human thought and perceptions 
Arts - Interactions of human thought and perceptions, forming 
representations of real and imaginary worlds, past, present, future 
Figure 7.14 Levels of Epistemological Understanding of the world (Capra 
1997). These different ways of knowing use different disciplinary approaches. 
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Unlike hard data such as nutrient concentration, data on impacts and responses 
are of a different order. To give an example: my beliefs do not affect the 
measured nutrient concentrations in Liverpool bay, but they do affect how these 
data impact on me, and I may feel differently about them tomorrow. Similarly, 
beliefs affect not only whether and how I respond, but also how a variety of other 
people with other beliefs, concerns and priorities, will respond. Impacts and 
responses are also mediated by levels of power, agency and sense of agency. 
Beliefs, in conjunction with levels of power, are therefore what determine impacts 
and responses and ultimately affect drivers, pressures and state changes. What is 
crucial here is that these two types of data are both involved in the DPSIR 
framework, but do not interface. While qualitative data can be assembled on both 
these types of indicators, data on beliefs, feelings, attitudes values and power do 
not stand alone. The meaning of the data lies not in the numerical value, but in 
the values held. And these values are disparate, plural, and not commensurable. 
Average salinity is a meaningful concept, average religion, for example, is not. 
There is, therefore, a conceptual divide across the DPSIR framework where the 
two types of understandings coincide. While Pressures and State changes can be 
measured objectively, through physical, chemical, biological or ecological 
approaches, the societal Drivers, the Impacts that ecosystem changes may have 
on disparate societal groups, and the Responses which they may or may not 
initiate, require additional knowledge. At these stages of the DPSIR cycle choices 
are made, and choices involve inevitably subjective value judgements about what 
is right or wrong. Hard data play a part in these choices, but the decision is a 
normative one about what we ought to do, socially mediated, frequently contested 
and ultimately a moral one. The importance of this data dichotomy is now 
discussed with reference to the research aims in Chapter 8 and a solution is 
suggested which is developed further in Chapter 9. 
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Chapter 8 Limitations of the DPSIR Approach 
`..... we have to remember that what we observe is not nature in itself but nature 
exposed to our method of questioning. ' (Heisenberg 1958) 
8.1 Introduction 
8.1.1 DPSIR 
This chapter addresses the practical difficulties encountered when working with 
the DPSIR framework, crossing as it does the contrasting disciplinary 
epistemologies illustrated in Figure 7.7. Problems of spatial and temporal scale 
are discussed, followed by the problem of conceptual scale. The different 
approaches and types of data used in natural and social sciences are briefly 
contrasted, and the relevance of this for decision making in the Irish Sea and in a 
wider context are then discussed. 
The DPSIR framework was chosen to explore the Irish Sea because the concept 
appears to bring together societal activities and anthropogenic ecosystem state 
changes in a single framework which provides a powerful outline of the 
interactions of key nodes in the socio-ecological system. It has instinctive 
meaning, but although intuitively useful at a macro-level, increasing difficulties 
emerge as we delve deeper. The question of scale, discussed as one of the 
limitations of the framework in Chapter 6, become apparent when describing 
impacts and responses. Although spatial and temporal scale emerge as limiting, it 
is the issue of conceptual scale which is a key factor in the Impacts and 
Responses stages of the framework discussed in this Chapter. 
The development of systems diagrams in Chapter 6 identified key nodes but, as 
Chapter 7 has shown, there are multiple drivers, pressures and state changes - 
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both within and outside the Irish Sea system - which it is difficult to separate 
sectorally, and difficult to link through to pressures and then to state changes 
without over-simplifying. This problem becomes even more acute given the 
dynamic nature of state changes, which need to be measured over a period of 
time. Both the appropriate spatial and temporal scale become difficult to define, 
and mismatches of scale emerge between drivers, pressures and state changes. 
However, it is in moving from the pressures and state changes of the natural 
system to the social system of impacts and responses that we come to the heart of 
the disciplinary divide this research is intended to address. Rather than integrating 
disciplinary differences through causal links and correlations, the DPSIR approach 
highlights the qualitative differences in the required data which, it is now argued, 
are what lie behind disciplinary and data-policy divides. 
The systems tools used in Chapter 6 (Figures 6.7 and 6.8) showed a complex and 
mutually reinforcing societal system driving pressures from activities such as 
transport, energy use, imports and exports, leading to state changes in the Irish 
Sea. However, it has become clear that the spatial and temporal scales of 
ecosystem changes fail to match the scale of the Irish Sea socio-ecological 
system. The pressures, state changes and impacts resulting from human 
activities in the Irish Sea are felt at both smaller and larger scales, locally or in 
other socio-ecological systems, in other countries, or perhaps not by us at all, but 
by future generations. As a consequence of these factors, feedbacks between the 
state of the Irish Sea and the drivers are very tenuous. This presents an initial 
difficulty in identifying impacts and responses. 
Added to this, the second difficulty is presented by conceptual scale. Although the 
Irish Sea societal system is interlinked with, and dependent on, a similarly complex 
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coastal and marine system, the types of data required to describe each system are 
very different. There are ecosystem data, and there are social system data, but 
few which span the two. Like ecosystem state changes, impacts and responses 
can be unevenly and heterogeneously distributed, depending on the 
environmental context. However, unlike state changes, the impacts felt by society 
are by definition subjective, and therefore very difficult to quantify, a factor which 
results in a lack of indicator data. Responses again vary depending on who is 
impacted upon, as well as their knowledge of, and attitudes to, the ecosystem. 
Responses also depend on whose values are dominant and who has the power to 
act, and again we have few indicators of these. The difficulties of identifying and 
measuring impacts and responses are discussed here, and a solution is offered in 
Chapter 9. 
8.1.2 Non-commensurability 
The DPSIR framework is used here to address a specific question - how to move 
towards sustainability - which is far beyond its original remit as an ecological 
stress-response model (Rapport et al. 1979). Sustainability is a social, rather than 
a scientific, concept, and developing it is a social process involving factors such as 
beliefs, like values, feelings, wants, and levels of power. These factors are not 
easily represented within a scientific or ecological paradigm, but they are vitally 
important in decision-making, and key to bringing about sustainability. 
Uncertainty, inherent unpredictability and complexity all limit the applicability of the 
conventional scientific approach, and have led to a reframing of the issue in wider 
terms, including the subjective and the qualitative. The DPSIR framework includes 
both types of data, and the social science question of `whose values? ' becomes 
one of particular importance at the impacts and responses stage of the cycle. The 
implications of this are now developed. 
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8.2 Impacts on the Human System 
8.2.1 Values and Plurality 
Our marine ecosystem impacts on society in a variety of ways, affecting human 
health, wealth, happiness and, ultimately, survival. These impacts can of course 
be described using quantative data on human health, the value of resources 
extracted, (perhaps minus the cost of clean-up actions), or statistics on the 
number of marine-related holidays, NGOs and fora. The costs of habitat or 
species losses can be measured using contingent valuation exercises to translate 
amenity, aesthetic or intrinsic values into empirical terms (Ledoux et al. 2002). 
However, while the concentration of a pollutant can be known with reasonable 
certainty, the meaning of this concentration level to society is very much more 
elusive and, additionally, context sensitive. Impacts on human social systems of, 
for example, shellfish poisoning, leukaemia clusters or pollution of beaches are 
mediated by multiple factors such as scientific uncertainty, different social 
perceptions of risk and pluralistic values which serve to determine how, or indeed 
if, impacts are felt. 
The human social system, composed of a variety of interacting agents and actors, 
each of whom makes sense of the world in a different way, is far from 
homogenous. There will always be multiple values. State changes in the Irish 
Sea ecosystem will therefore impact differently on different groups, depending on 
their levels of awareness, understanding and concern. If fish are contaminated, 
does it matter, if we do not eat them? Such ecosystem changes are important to 
some groups, who will place a high value on uncontaminated fish but, to others, 
quite different things such as personal relationships, employment or economic 
growth might matter more. State changes, therefore, although noted by a group, 
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such as marine scientists, may not necessarily have much impact on society as a 
whole, or may only be felt when it is too late to act. In our present society many 
impacts can be masked by substitution, with foreign holidays and imported fish 
replacing knowledge of, and dependency on, local ecosystems. However, as 
Chapter 2 described, this substitution is not infinite. 
Unlike numerical values, the diverse values of different groups are not subject to 
summing, division or multiplication. Like plus dislike does not equal indifference. 
In addition, a small but powerful social group, or a charismatic leader, can have a 
disproportionate effect on human activities, altering beliefs, attitudes and values. 
A different metric is needed to describe the expressions of multiple values and to 
relate these to the quantitative data on pressures and state changes. 
8.2.2 Data Mismatch 
In order to identify impacts on the human system, we have to ask who is impacted 
upon by the state of the Irish Sea, and how? Multiple stakeholder groups can be 
identified - scientists, politicians, doctors, lawyers, fishermen, children, for example 
- and none of these groups should be considered homogenous. Even the data on 
state changes themselves reflect the needs and values identified by different 
disciplinary and sectoral interest groups with varying levels of power. How these 
data impact on these groups will vary. From this research it is not clear that any 
state changes at the scale of the Irish Sea have led directly to impacts on the 
human system. 
The major consequence of these multiple values for the DPSIR approach is that 
we cannot simply move from state change data to impacts data, since the two are 
measured in different ways. As Chapter 6 has demonstrated, data are collected 
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by different sectors, for different purposes, and many of the datasets are non- 
comparable, even when working within the same, scientific, paradigm. When 
moving between disciplines to identify data representing impacts and responses, 
the possibility of comparison tends to break down completely due to the 
epistemological differences described in section 8.1.2. This makes it very difficult 
to identify indicators representative of societal values and how these are impacted 
upon. This data mismatch in the DPSIR framework has escaped attention 
because the framework is usually applied without reference to the importance of 
social values. 
Existing indicators, such as the EEA core set of indicators and the UK 
sustainability indicators are shown in Appendix I. Of the EEA indicators, derived 
from the DPSIR framework (EEA 2005), those classed as impacts on the human 
system refer to state changes such as habitat loss or air quality, rather than to 
societal values. Of the 68 Indicators on the UK's list of sustainability indicators 
(DEFRA 2005d), only two, `Air Pollution' and `Environmental quality' refer to how 
ecosystem state changes may impact on society. (68% of local environments in 
England were felt to be 'unsatisfactory' or 'poor' in 2001-2 (DEFRA 2005d)). The 
vast majority of these indicators are quantitative in nature and therefore reflect the 
dominance of the current scientific paradigm. Yet as we have seen above, the 
impacts on the human system are dependent on the social and cultural factors 
determining who attributes meaning to the state changes, and what meaning they 
attribute. 
8.2.3 Responses? 
One way to monitor impacts is through the responses to which they lead - 
initiatives such as local pressure groups, fora and voluntary MPAs, statutory 
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designated areas, coastal management, research, monitoring and legislation. 
Chapters 5 and 6 identified some key links between state changes, impacts and 
responses, to be discussed further in section 7.3.3, so it is clear that there are 
links. Environmentally focused NGOs, coastal fora, the Bathing Waters Directive 
responsible for the Blue Flag beach designation, the Common Fisheries Policy 
and the Water Framework Directive, can all be identified as responses to impacts 
felt by society. If responses are used as a proxy for impact levels, then significant 
rises in impact levels can be illustrated by the increasing number of NGOs in this 
field and their rising membership levels (Halsey et al. 2000), by the development 
of coastal fora in the 1990s, and by the increasing number of voluntary and 
statutory conservation designations, coastal management initiatives, (Ballinger 
1999). However, these changes have not taken place at the Irish Sea level, but 
rather in response to international initiatives such as Agenda 21, or the Habitats 
Directive; and impact at the local scale. In addition, the only ecosystem scale 
forum in the area, The Irish Sea Forum, which contributed generously to this 
research, has recently closed due to lack of support (Davies, H, pers. comm. ). 
It is tempting, indeed it is EEA policy (EEA 2005), to rely on existing 
measurements when looking for indicators of sustainability. However, in doing this 
we may be simply: 
`measuring what is measurable rather than what is important? Area of forest 
rather than the size, diversity or health of the trees' (Meadows 1998) 
It is not size of protected area or number of designations, but their effectiveness, 
which counts. In systems terms, we may be creating a conceptual system 
boundary which is inappropriate. Size and number of coastal fora or marine 
protected areas are not ultimately what is important. It is whether these are 
effective and, from Chapter 6, it is clear that such measures as we have in place, 
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deriving from wider-scale systems or from narrower conceptualisations, are not 
effective at maintaining the resilience of the Irish Sea. While the introduction of 
statutory marine protected areas in UK waters is long overdue, a whole system 
approach illustrates that protecting areas, while necessary, may not be sufficient to 
afford protection from remorselessly increasing societal drivers. Our prosperity 
and consumerism are leading to an accumulation of pressures such as accidents, 
new anthropogenic compounds, introduced alien species and climate change. 
8.3 Responses 
8.3.1 The Precautionary Principle 
Chapter 7 has shown cases within the Irish Sea SES where impacts and 
responses have occurred. The introduction of the Common Fisheries Policy and 
Fox's correlation of contaminant levels with legislatory changes ( Fox et al 1999) 
are examples. Technology has played both a positive and a negative role, making 
reductions in emissions feasible, but also in helping defeat measures to reduce 
fishing effort by improving fish finding techniques. Global-scale changes have also 
played a part - again both positive and negative. Such state changes as have 
apparently been positive ones, are likely to be due more to relocation of damaging 
activities than reduction of pressures. For example, the reduced levels of 
pollutants now found in the river Mersey may have as much to do with the decline 
of UK heavy industry and mining than with legislatory changes, although the 
relocation of some of the more polluting industries to other regions may have 
made the introduction of emissions legislation less contested. Fishing effort has 
similarly relocated to other regions, either as a result of policies limiting effort, or 
as an economically expedient response to state changes such as reduced levels 
of commercial stocks. 
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However, it is not essential to wait until we have definite evidence of 
anthropogenic state change. Our level of knowledge about our ecosystem and 
human activities and our recognition of the importance of our interactions is 
already such that we do not simply move through the entire DPSIR cycle. Action 
can be taken in cases where we suspect a negative change to be likely. This kind 
of action may be taken in the light of previous experience, or pre-emptively, where 
we are uncertain of the exact nature of a suspected state change. 
Responses which occur are all mediated by the structure of the societal system. 
Reponses may express global or local-scale concerns, and may or may not be 
effective. They can act on the drivers, pressures, state changes and even pre- 
emptively, by bringing the precautionary principle into play, as shown in Figure 8.1, 
where applying the Precautionary Principle, to activities and emissions levels 
introduces a negative feedback, shown by two-way arrows. 
DPSIR Scheme as modified by Germany to include interactions based on the 
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Figure 8.1 Feedbacks within DPSIR 9 (HELCOM MONAS 2002) 
9 Figure reproduced from a report on the HELCOM Monitoring and Assessment Group 4th Meeting, where 
the importance of the feedback introduced by the inclusion of the Precautionary Principle in the DPSIR 
Framework was a key discussion point. 
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In practice few societal activities are currently carried on in a precautionary 
manner, and responses are made only after adverse impacts are perceived. In 
addition, there are many barriers to action from the societal side which come into 
play, notably pressure to maintain jobs and economic competitiveness, so 
responses to impacts do not always occur. In addition there are also cases where 
we may not know how to respond, for reasons such as uncertainty leading to 
inaction, persistent value conflicts leading to an impasse at the action level, or 
simple inability to see a solution. Even where responses do occur, they may fail to 
achieve the intended outcomes. Responses may satisfy short-term aims, by 
taking evasive action such as moving to Spain, or importing fish, only to have the 
problem recur at a later stage or in a different location. Responses may fail to 
address a state change by acting inappropriately on the driver, by failing to reduce 
the pressure, or by relocating the pressure, and the state change, elsewhere, as 
with fisheries (ICES 2004). As with drivers, pressures and state changes, the 
impacts and responses again fail to stay neatly contained within a local social or 
ecological system. 
8.3.2 Scale 
The scale at which we examine the drivers, pressures state changes, impacts or 
responses is dependent on the level at which we examine the socio-ecological 
system. Yet it is apparent that the DPSIR cycle does not confine itself to a 
particular area, time period, or discipline. The Irish Sea forms a part of many other 
cycles, both local and global, operating simultaneously on differing scales. The 
drivers, pressures, state changes, impacts and responses form part of a dynamic 
framework operating at timescales from the aeons of evolution to the seconds it 
takes to communicate data in the networked society. 
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The system works across scales (Folke et al. 1996; Holling 2001), and never in 
isolation. At whichever level we choose to apply the DPSIR framework to develop 
indicators, we are eliminating possibly crucial data from both higher and lower 
levels of the system. It is also not always possible to simply scale up or down from 
small fast systems to larger, slower ones. This is in part due to limitations in 
predictive ability which arise because the system is complex and non-linear, and 
also due to synergistic effects where systemic interactions within the system of 
interest are affected by interactions with other systems, above and below at 
different velocities and timescales. Responses seldom occur at the ecosystem 
scale, for the simple reason that data are not gathered at this scale. Linking Irish 
Sea state changes to a societal impact and tracing that to a response is simply not 
possible given the current scale of governance regimes of the Irish Sea 
ecosystem. Monitoring, legislation and policy are not currently carried out at the 
ecosystem level. As the Irish Sea Pilot Project noted, many social data, 
particularly those on economic activities, are not collected in a manner which 
makes them available at a scale of relevance to the Irish Sea ecosystem (Lumb et 
al. 2004; Vincent et al. 2004). However, from the foregoing examination of the 
drivers, pressures and state changes it can be seen that impacts and responses 
have occurred, although not at the ecosystem scale. 
The responses seen in the Irish Sea SES are largely those derived from global 
international conventions concerned with biodiversity, social inequity and human 
health, transposed into regional and subsequently national legislation. These 
reflect the influence of the wider system environment identified in Chapter 5. 
Examples include UNCLOS (UNCLOS 1982/1994), OSPAR (OSPAR 1992) the 
UN Biodiversity Convention (UN 1992) and Agenda 21(OECD 1992). These led to 
regional initiatives such as the EU Habitats Directive (EU 1992a), the EU Water 
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Framework Directive (Directive 2000/60/EC 2000), and then national conservation 
designations or the formation of local fora in the 1990s. The drivers for these 
legislatory measures appear to have been global concern, led by the UN and 
championed by NGOs, rather than responses to perceived ecosystem damage in 
the Irish Sea itself. 
8.3.3 Conceptual Scale 
Seeking simple causal relationships not only risks obscuring crucial data, but also 
forces us to look for correlations, and these are only likely to be found where the 
system is least complex and a simple linear relationship can be observed. This 
gives us little insight into the key structural connections of a complex, feedback- 
dependent system, and leaves us with high levels of uncertainty about the effects 
of our actions. Indeed, the areas we are most interested in are those least likely to 
be subject to linear links and correlations. 
As discussed in Chapter 2, state changes, impacts and responses have occurred, 
although in a sectoral manner. Despite these responses however, as Chapter 6 
showed, the Irish Sea marine ecosystem no longer supports a fishing industry, 
fish, cetaceans, or other marine mammals at anything like the previous levels. 
The environment is degraded, subject to increasing levels of noise, eutrophication, 
lowered fish stocks, a legacy of past contamination and a range of new, man- 
made pollutants with unknown effects. Biodiversity losses, interruption of 
ecosystem feedbacks by contaminants, and reduced population densities all 
contribute to lowered resilience. This reduces the adaptive capacity of the system 
precisely at the moment when there are indications of anthropogenic changes in 
the marine climate to which the system will need to adjust. 
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This can be attributed to a mis-match of conceptual scale. Marine management is 
largely based on scientific data input and, as pointed out by Redclift, (1999), the 
scientific perspective also dominates management itself as well as the funding of 
environmental research. Yet the socio-ecological system which the DPSIR 
framework encompasses requires an understanding that can only be approached 
by using a wider disciplinary range. Failing to recognise that other disciplines are 
involved in marine management and sustainability would not only lead us into a 
disciplinary trap (Checkland 2000) but also fail to address adequately the root 
causes of environmental problems - human activities. 
The main difficulties with the conceptual scale of the DPSIR framework are not in 
the datasets themselves, but with gaps and weaknesses in the ways in which data 
are able to provide input to management. This is not a question of managers 
failing to understand the science, but rather a question of scientists failing to 
understand the limitations of objective data in the value-laden policy arena. Policy 
and decision-making result from a negotiation between the powers of multiple 
agents, only some of whom are scientists, and all of whom have their own set of 
explicit or implicit values, beliefs, institutions and degrees of power which influence 
decisions. Science has much to offer in describing the ecosystem, but it is only a 
part of the DPSIR system. The descriptive powers of natural science stop short at 
the boundaries of human society. It is the social sciences which focus on the 
study and analysis of the interactions between these multiple agents, and they do 
so using very different types of data and conceptual terms of reference to those 
used by science. The resulting mismatch of conceptual scale is played out in 
dichotomies of language and data types between the social and the biophysical 
worlds. 
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With reference to Figure 6.14, ecology can be described biological, chemical and 
physical terms, but when we consider the place of human society in the ecosystem 
this epistemology fails to give us a complete understanding. Holistic thinkers such 
as Lovelock, Goodwin and Capra have attempted to reframe our understanding in 
wider terms, including connections and interactions as key, and as complementary 
to, scientific understanding. Responses emerge from a negotiation between 
various groups and the groups involved so far have conceptualised the problem in 
narrow terms of hard data and linear, sectoral causal links, leading to responses 
which fail to address the root cause of a non-sustainable Irish Sea. 
8.3.4 Decision-making 
As described above, a perceived impact on the human system does not 
necessarily result in a response - there is also the question of power. Responses 
are made by those agents able and willing to effect change, and impeded by those 
agents opposed to such changes. Many negotiations between different groups, 
with different values and varying degrees of power, take place before eventual 
action occurs and, as the literature on decision-making details (Simon 1972; 
March 1994), the process is not necessarily rational, self interested or even 
conscious. That the Irish Sea is possibly the most radioactive sea in the world is a 
result of decisions made about UK defence in the 1950s, where a major 
stakeholder, the Republic of Ireland, although finding this unacceptable (Lehane 
et al., 2002) was not involved. In theoretical rational decision-making, data would 
be sought, evidence presented and weighed and action taken. However, 
decisions, while they can be made rationally, through multi-criteria processes for 
example, are often made in other ways, or even by default through inaction. 
Responses can be reactive or pre-emptive when something undesirable, to some 
groups, has occurred or may occur. So, in reality, the process of moving from 
impacts to responses is again complex, and very much socially mediated. 
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The major factor which mediates outcomes in societal decision-making is power. 
Power is defined as `agency' or the ability to cause change, and it is not distributed 
evenly. Agency is not a property solely of individuals or persons; it can apply to 
economic and social groups as well, and is a feature of all the groups identified in 
Chapter 6 Table 6.1. These groups often form alliances which reinforce their 
power and which become mutually reinforcing structural elements of the societal 
system. An example of this is the feedback loop between industry, energy and 
shipping identified in Figure 6.8. When attempting to `change the system', 
individual actions weigh lightly against the inertia of the existing power structure. 
However, it is human agency which shapes social systems and human agency 
can cause change. 
Applying these concepts to the DPSIR framework it becomes apparent that, given 
the heterogeneous nature impacts on human society described in section 8.2, 
those most likely to be impacted upon are those least able to respond. Individuals 
with sufficient agency, often represented by wealth, may be able to `buy their way 
out of trouble', responding by evading impacts rather than suffering the 
consequences, but this is not an option for unemployed former dockers in run- 
down inner cities such as Liverpool. As Figure 6.8 shows, groups with a close 
interest in the Irish Sea such as local fora or NGOs are those without statutory 
power. The closure of the Irish Sea Forum, due to lack of funding is a case in 
point. Such agency as these groups possess is often directed at influencing 
wider-scale processes - such as policies such as the Marine Bill or societal values. 
National governments, with greater agency, respond by influencing policy, but are 
also influenced by their own `systems environment- international agreements, the 
need to remain competitive, the next election. It would be foolish to attempt to 
introduce sustainability without recognising the ramifications of the distribution of 
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power. However, in a complex system power resides not only in the nodes, but 
also in the network itself. The interactions and feedbacks are crucial. 
A final point about responses must be addressed before moving on. Societal 
choices about responses involve an element of risk, arising from the fact that an 
SES is a complex system and outcomes are therefore not necessarily predictable. 
In making decisions, our rationality is limited by this unpredictability. There are 
multiple options and feedbacks to consider in deciding how to respond. The 
concept of bounded rationality (Simon 1972; March 1994) describes four 
constraints which limit our decision-making ability; a) we have insufficient time, 
b) there are too many data, c) we cannot access all data, and d) there are too 
many uncertainties. These limitations are especially applicable to complex 
systems, where there are too many links and interconnections for us to consider, 
retain and understand everything. As a result, we end up adopting not the best 
solutions, out of possibly many millions, but the first adequate solution. 
`Satisficing' rather than rationally optimising our choices (Simon 1972). This is an 
irreducible limitation of decision-making in a complex social world, and in 
opposition to the conventional view of rational decision-making. However, these 
four societal constraints play a key role in both the impacts and responses 
elements of the DPSIR cycle, as is discussed below. 
8.4 Discussion 
8.4.1 The System 
This chapter has examined impacts and responses from the DPSIR framework in 
a wider context . 
The drivers, pressures and state changes in the Irish Sea, 
described in Chapter 6, provide an indication of how key components of the 
system are changing but, as this chapter shows, the data do not interface with the 
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data on impacts and responses. Following the route of using existing indicators 
eliminates vital data from the hierarchy of interlinked systems - both larger and 
smaller - in space, time, and conceptualisation. The systems tools used in 
Chapter 6 showed the importance of both larger and smaller systems, and the 
importance not only of drawing spatial boundaries but also of conceptual 
boundaries. Indeed it was the narrow conceptualisation of the ecosystem from a 
nature conservation viewpoint that this modelling was expressly intended to avoid. 
Similarly it was not intended to represent the system as composed of linear links. 
The complexity of the system suggests that it would be mistaken to assume that a 
change in pressure would lead to a corresponding change in state. Such 
correlations might be expected to occur where simple linear links are to be found, 
but are less likely to occur at the points where the key structural components of 
the system, feedbacks, are to be found. For this reason, no attempt was made to 
correlate changes. 
What has emerged most clearly during this exploration of the framework was the 
non-commensurable nature of the different types of data indicating the nodes. 
Each of these can be described, but while pressures and marine state changes 
are described chiefly in terms of scientific understanding, describing the drivers, 
impacts and responses in the human system requires us to move into the relativist 
and constructivist realm of the social sciences -a considerable change of focus. 
And when we take on board the concept that it is the interactions of social groups 
which determine not only what data on pressures and state changes are 
monitored, but also construct the meaning of those data, huge gaps in 
understanding can emerge. 
i 
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While this may illustrate disciplinary gaps, in order to make the cross-disciplinary 
links, and fulfil the holistic and interdisciplinary remit of this work, neither natural 
nor social sciences alone seem adequate. The absolutist nature of scientific data 
and the relativist nature of societal interactions appear to share common ground, 
yet remain `divided by the same language'. Disciplinary specialisation leads to the 
adoption of technical shorthand in place of the reiteration of a complex but well 
understood theory. Semantic confusion and cognitive dissonance occur 
frequently. The statement `management needs to be based on sound science' 
implies, for scientists, `sound' as opposed to `unsound' science. To the social 
scientist, the emphasis is likely to be on `based on' rather than `wholly decided by'. 
Importantly also, science may be perfectly `correct' without being morally `right', 
there is a distinction between facts and values which is crucial to management. 
Although the DPSIR framework appears to be a useful conceptual model, the 
reliance on the scientific paradigm for understanding is at best misleading and 
possibly, in the light of the potential consequences, very dangerous. It is 
suggested here that such reliance is what is contributing to the failure of marine 
conservation. Damage to marine systems, while of course it can be measured in 
scientific terms, is ultimately caused by societal activities. Prevention of damage 
to marine ecosystems therefore needs to address, and measure, societal 
activities, which appears to call for indicators of values, value interactions and 
power which we do not have. Although we might develop indicators of impacts 
and responses, the data such indicators provided would still be non- 
commensurable with foregoing data on pressures and state changes. However, 
soft-systems theory points us towards another approach. 
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8.4.2 A Possible Solution 
Returning to the systems modelling developed in Chapter 6, the development of 
DPSIR within the soft systems cycle is explicitly intended to address a purpose - 
achieving the transformation from a non-sustainable to a more sustainable Irish 
sea. Using the DPSIR framework to further the process of sustainability calls for 
indicators not only of how decisions are made, but of how these are contributing 
towards the transformation process. Reframing the issue in wider terms implies 
extending our understanding of interactions and nodes beyond objective and 
quantitative indicators to look at deeper, underlying causes of ecosystem damage 
- the societal attitudes and values which trade off short-term, local welfare gains 
against longer-term environmental losses. It is this complex interplay of values, 
beliefs, attitudes and power, which now needs to be considered to address 
sustainability. 
In line with the complexity theory mentioned in Chapter 2, and the logic of focusing 
on the key elements pertaining to management, in this case for sustainability, it 
was decided to take a step back from the focus on indicative data, and reframe the 
issue of representing societal data in terms of the purpose of the system and, 
indeed, the purpose of the research. 
The purpose of the modelling is intended to inform the transformation from a non- 
sustainable Irish Sea to a more sustainable one. Sustainability itself is defined 
more as a process than as a concrete end, and a major research question was 
`How would we get there? ' One tool to develop this is the use of back-casting: the 
identification of the ideal situation at a point in the future, and then tracing 
backwards from that the steps to be taken to achieve that situation from where we 
are now. This would effectively be using the DPSIR framework in reverse, but 
159 
would do nothing to overcome the divides discussed above. Moreover, we do not 
know how a more sustainable Irish Sea might look. However, it was considered 
possible to represent the full spectrum of potential impacts and responses, and 
how they might play out in the Irish Sea by making use of another tool: scenario 
development. Futures scenarios can be based on a spectrum of social values and 
include hard data within their descriptions, thereby overcoming disciplinary divides 
and completing the use of the DPSIR cycle. Their application is now described in 
Chapter 9. 
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Chapter 9 Future Development Scenarios 
'We are the seeds of tomorrow, carriers of amazing potential, the dream-makers of 
the new world. ' Song of the Old Tides, Maori oral tradition (Brailsford 2004) 
9.1 Exploring Futures 
As Chapters 7 and 8 have shown, the Irish Sea socio-ecological system forms a 
node in a web of multiple influences and impacts which operate across 
conceptual, spatial and temporal scales. Key scales are found at the level of 
national and international legislation and, increasingly, the global state changes 
which affect marine climate. Both of these represent part of feedback loops 
operating at a larger scale than the Irish Sea, and whose temporal relevance we 
are only just beginning to grasp. Short-term localised marine state changes have 
been addressed through legislation within a system where common impacts were 
felt, for example, at the national or the European levels. However there have also 
been global scale impacts resulting from relocation of state changes, or diffuse 
state changes which impact globally. Unlike the introduction of pollutants, which 
can be short-circuited at the local or regional scale, climate change involves us in 
long term global changes. Legislation introduced today will not take effect for a 
generation - if then. State changes may already be locked in, and would occur 
even were we to immediately stabilise CO2 emissions (IPCC 2001). A global 
approach is needed, but also one which covers all aspects of global change, not 
merely the physical. Figure 7.13 identified a dichotomy in the types of data 
required to address the DPSIR framework. The quantitative data on pressures 
and state changes now needs to be linked to qualitative impacts and responses. 
and for this a different way of knowing - scenarios - are suggested. Narratives 
and stories come from a different epistemology, as Figure 7.14 illustrates, and 
have a long tradition in anthropology, psychology and the arts. Bearing this in 
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mind, the exploration of future scenarios is now used to address the issues of 
conceptual, spatial and temporal scale in the DPSIR framework. The drivers, 
pressures and state changes described in Chapter 7 are explored in terms of how 
these might impact on the Irish Sea SES in the near future, and how we might 
respond. 
Examining likely future developments in a complex system such as the Irish Sea 
inevitably means accepting a high level of uncertainty. Not only are there limits to 
what we know, but there are also limitations to what is knowable about such a 
complex system, when even the best predictions are subject to alterations through 
unpredictable feedbacks. Factors both internal and external to the system of 
concern may well show unexpected behaviour, meaning that although the choices 
society makes can alter future developments, this may perhaps not be in ways we 
expect. One of the weaknesses of the DPSIR framework to emerge from its 
application above is that any information it yields is largely reliant on the 
predictability of causal links. So rather than attempt to use the DPSIR framework 
as a predictive model for the future, the data and trends assembled in Chapters 7 
and 8 are used here to explore possibilities for the future and present them in a 
way that is both culturally relevant and poses deeper questions about the societal 
values which underlie our present activities. 
Scenarios were chosen because of their ability to include complexity, uncertainty 
and low levels of quantitative data (Berkhout et al., 2002; DTI 2002). Scenario 
development involves more than extrapolation from current conditions and trends 
- which the EEA has likened to 'driving by using only the rear view mirrors' 
(European Environment Agency Scenarios Group 2003). A key point about 
scenarios is that `Human choices matter' (Kemp-Benedict et al., 2004), and that 
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actions taken in the present can alter what occurs in the future. Scenarios are not 
predictions, but explorations of several possible futures based on ways in which 
relevant current trends could plausibly diverge. A scenario is unlikely to be 
reproduced in actual fact, but acts rather as a tool for exploring the consequences 
of social, political and economic choices. 
9.2 Scenario Selection 
9.2.1 Scenario Building 
The development of futures scenarios is a complex and time-consuming field, 
ideally involving consultations with a range of agents, actors and experts in various 
fields in order to develop issues, boundaries and definitions based on present 
conditions and trends (Berkhout F et al., 2002). This approach was clearly outside 
the scope of this research, so existing sets of scenarios developed by three 
different organisations were evaluated to see which were most applicable to the 
analysis of how the Irish Sea human marine ecosystem might develop with 
reference to sustainability. Making use of existing scenarios has two advantages. 
As well as building on existing expert knowledge, the results of the analyses can 
be compared with others already performed at different scales. Much of the 
background information on scenario building for this chapter was obtained from 
the UK Foresight Futures Programme (DTI 2002) and the Scenarios for 
Sustainability Consortium 10 website (Kemp-Benedict et al. 2004). 
9.2.2 Scenario Parameters 
The selection of the scenario parameters depends ultimately on the question 
which they are intended to answer. The construction of the scenarios is based on 
determining the key variables which are relevant to the issue under consideration, 
10 Thanks to Eric Kemp-Benedict and Sivan Kartha of Scenarios for Sustainability for guidance and 
access to consultation copies of the Millennium Ecosystem Assessment Scenarios Report 
published in September 2005. 
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and using these as the axes to develop different scenarios. Healthcare futures, for 
example, might be explored by using axes showing varying levels of technological 
innovation contrasted with levels of accessibility. It is important in this case to 
select scenario parameters constructed for the purposes of examining 
sustainability, and also which use values that can be interpreted using DPSIR 
terms. The number of scenarios explored is also important. From the literature 
consulted it appears that two scenarios are considered insufficient, using a set of 
three scenarios tends to force the selection and development of a middle-ground 
scenario, and more than four are regarded as being unmanageable in practice 
(Schwartz 1996; Berkhout et al. 2002). Using a set of four scenarios also has the 
advantage of showing the extremes of each axis. The three sets of four scenarios 
examined were: those of the Intergovernmental Panel on Climate Change (IPCC 
Working Group 111 2000), those of the revised UK Foresight Futures Scenarios 
report (DTI 2002), and those of the Millennium Ecosystem Assessment (Cork S et 
al., 2005). Their key starting points and axes of concern are shown in Figures 9.1 
-9.3. 
The IPCC scenarios shown in Figure 9.1 were the result of modelling driving 
forces in terms of emissions, as a basis for climate change models (IPCC Working 
Group III 2000). Four model families were developed along the two axes of 
Global-Regional and Environmental-Economic. In DPSIR terms, the resulting 
scenarios address only emission Pressures and the links to State changes. Social 
and environmental factors are included quantitatively as drivers of emissions, not 
as factors which reflect differing worldviews which we can or ought to change in 
order to increase sustainability. 
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Figure 9.1. The IPCC SRES Scenarios. Illustrating how the same driving forces 
contributed to all of the storylines (Nakicenovic et al., 2000). 
2. UK Foresight Futures Scenarios 
Interdependence 
World Markets Global Sustainability 
Individual Community 
N National Enterprise Local Stewardship 
Autonomy 
Social Values 
Figure 9.2 The UK Foresight Futures Scenario Structure. These scenarios 
include social values and systems of governance as key factors, unlike the IPCC 
scenarios. Reproduced from Berkhout et al., 2002. 
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The UK Foresight Futures scenarios (Figure 9.2), which have perhaps more local 
applicability to the Irish Sea, have an x-axis focused on changes in social values 
from `individual' to 'community'. Although these scenarios were designed to be 
broadly applicable (Berkhout et al. 2002), and may extend to cover Irish futures 
too, their emphasis is on governance, rather than on the ecosystem and 
sustainability, and ignores the interdependence of socio-ecological systems. 
In contrast, the Millennium Assessment (MA) scenarios, shown in Figure 9.3, were 
developed specifically for the purpose of addressing sustainability, with an x-axis 
focusing explicitly on our 'approach to the environment' moving from `reactive' to 
`proactive' parameters. This is a more direct and relevant formulation of the 
`social values' axis in the Foresight scenarios, and also addresses the intervention 
imperative implied in `doing nothing is not an option '(JNCC 2001). Due to their 
relevance to the aims of this research, the MA scenarios were chosen for 
consideration here. 
3. MEA Scenarios 
Global 
Global Orchestration Techno Garden 
C 
O 
Reactive Proactive 
(Order 
from Strength Adaptive Mosaic 
Regional 
Approach to Environment 
Figure 9.3 The Millennium Assessment Scenarios. These scenarios include 
elements key to introducing sustainability. Source (Millennium Ecosystem 
Assessment 2005) 
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Global Orchestration Globally connected society 
that focuses on global trade and economic 
liberalization and takes a reactive approach to 
ecosystem problems but that also takes strong 
steps to reduce poverty and inequality and to invest 
in public goods such as infrastructure and education. 
Order from Strength Regionalized and fragmented 
world, concerned with security and protection, 
emphasizing primarily regional markets, paying little 
attention to public goods, and taking a reactive 
approach to ecosystem problems. 
Adapting Mosaic Regional watershed-scale 
ecosystems are the focus of political and economic 
activity. Local institutions are strengthened and local 
ecosystem management strategies are common; 
societies develop a strongly proactive approach to the 
management of ecosystems. 
Techno Garden Globally connected world relying 
strongly on environmentally sound technology, using 
highly managed, often engineered, ecosystems to 
deliver ecosystem services, and taking a proactive 
approach to the management of ecosystems in an 
effort to avoid problems. 
Figure 9.4 The Millennium Ecosystem Assessment narratives The scenario 
narratives which were used to develop likely alternative futures for the Irish 
Sea. (Millennium Ecosystem Assessment 2005) 
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9.3 Irish Sea Scenario Development 
9.3.1 Narrative Development 
These narratives are now developed for the Irish Sea following guidelines from 
Schwartz's `Steps to Developing Scenarios' (Schwartz 1996), the UK Local 
Government Association Futures Toolkit summarised on the Scenarios for 
Sustainability website (Kemp-Benedict et al. 2004), and the guidelines given in the 
Foresight Futures 2020 Report (DTI 2002). The latter in particular stresses the 
importance of devoting equal effort to each scenario analysis, making a conscious 
attempt to avoid bias, and undertaking inter-comparison of narratives to retain both 
their coherence and their distinctiveness. The table format below was felt to be 
particularly suitable for this approach, and the scenarios were initially fleshed out 
by defining some key characteristics of each, as shown in Table 9.1. This 
approach was used in the Millennium Ecosystem Assessment Scenarios Report, 
(in press). For each scenario a keyword was developed and used to outline the 
main social policies. The key organisations which would implement these policies 
were then envisaged, and the dominant economic paradigms of the different 
policies were added. Finally, bringing all these together, the interpretation of 
sustainability inherent in these policies, agents and economic institutions was 
explored and made explicit in the final column. 
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9.3.2 Assumptions 
As mentioned in section 9.1, past actions can have consequences which carry far 
into the future, and as a result, some ecosystem state changes are `locked in'. 
Assumptions made in the development of the narratives were that some current 
trends, population and urbanisation, climate change, sea-level rise and fisheries 
would continue, while others would be more open to changes. The locked-in 
trends are described in Table 9.2. A large proportion of the 2050 population, for 
example has already been born. Current mortality, fertility, immigration and 
emigration trends are expected to remain constant (Smallwood 2003), as is the 
present trend towards urbanisation, due to existing planning constraints. Climate 
change and sea-level rise similarly will remain an issue, since even were 
emissions to be stabilised immediately, CO2 concentrations, temperature and sea 
level continue to rise long after emissions are reduced (Griggs 2001; IPCC 2001). 
Fisheries were also assumed to remain in decline for the next few decades, even 
without allowing for the probable negative effects of climate change. 
Factors which are considered potentially changeable or liable to reach turning 
points were: agriculture (since it is controlled by changeable economic subsidies), 
and industry, (which may continue its relocation to areas of lower labour costs but 
could also be influenced by new technological developments such as those linked 
to energy generation, and by changes in trade patterns). Shipping, too, may be at 
a turning point, with fuel costs rising and divergent global trade outlooks and 
associated new pressures emerging. Conservation in the Irish Sea could also be 
at a turning point with new legislation being planned, but as with other elements of 
the scenarios, the outcomes ultimately depend not only on what the changes are 
but how they are implemented and whose values predominate. 
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Table 9.2 Locked-in factors for all the Irish Sea Narratives 
Drivers Pressures State changes Im acts 
Demography High and Pressures vary Elevated and Sea level rise, 
slowly with emissions increasing, CO2 increasingly 
increasing and levels for 50 years. frequent 
population consumption Plankton changes extreme 
levels, but with adverse weather 
some level of effects on patterns. 
irreducibility associated Loss of homes, 
community and land due to 
species Loss of flooding, 
resilience increased 
awareness of 
marine issues 
Land use Large Land 20 years of Elevated risk of 
percentage of occupation elevated nitrate eutrophication, 
human- losses of wild levels, presence of aesthetic 
dominated plants and genetically losses, loss of 
land dependent modified plants, social 
species - possibly sterile, resilience, 
'weeds' 'pests' reduced on-land dependence on 
bees, birds. biodiversity. imports 
Industry Continuing CO2 emissions, Elevated and Sea level rise, 
need for releases of increasing CO2 increasingly 
industrial other/uncontroll levels for 50 years. frequent 
activities ed pollutants. Plankton extreme 
community weather 
changes with patterns. Loss 
adverse effects on of social 
associated resilience, 
species dependence on 
chea labour 
Energy Continuing Radioactive CO2 emissions, Sea level rise, 
demand for waste storage Radionuclide increasingly 
energy to and releases presence. Habitat frequent 
maintain degradation, extreme 
lifestyles population and weather 
species losses patterns, fuel 
Loss of resilience poverty. 
Fishing Continuing Reduced Low commercial Increasing 
demand for mortality as fish stocks - no aquaculture - 
fish. fishing certainty of with associated, 
becomes recovery or ecosystem 
economically replacement in 50 state changes. 
non-viable. year time span 
Increased Loss of resilience 
a uaculture 
Sea uses Increases in Noise, Change inevitable As above, plus 
trade, seabed disturbance, but could be increasing 
use for land positive and awareness of 
windfarms occupation, but negative marine issues. 
and also 
conservation conservation 
measures areas 
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9.3.3 Responses to Shocks 
The most significant, far reaching and unpredictable legacy is that of climate 
change. Whatever the consequences of climate change may be, even an 
immediate stabilising of CO2 concentrations would not prevent increases in ice 
sheet melting and thermal expansion which could continue for centuries (IPCC 
2001). Diffuse nitrate discharges, which can take 20 years to disperse fully (Isoard 
et al., 2005), seem insignificant by comparison. Biodiversity losses affecting 
resilience and therefore the ecosystems' capacity to absorb changes, are also 
very significant, especially when viewed cumulatively and over a longer timescale. 
Quite how a change in marine climate might affect populations and species is not 
clear, but Chapter 7 showed an ecosystem already under pressure from multiple 
sources and showing signs of regime shift. The adaptive capacity which under 
normal circumstances might mitigate state changes is already lowered, and the 
effects of the large-scale feedback loop of global change could take the system 
over the threshold. 
One of the main aims of using scenario narratives is to identify potential 
discontinuities (Berkhout et al. 2002). These are the turning points in likely future 
scenarios where present trends change. Discontinuities can provide reasons and 
opportunities for making positive changes in the present, as well as highlighting 
potentially negative consequences of action or inaction. In interlinked socio- 
ecological systems abrupt ecosystem phase shifts may occur unexpectedly as a 
result of multiple gradual changes, or as deliberate societal responses to shock 
events. 
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9.3.4 Developing Futures 
Berkhout (2002) points out: `Humans are uniquely capable of shaping their futures 
and of acting reflexively in response to new knowledge about what the future may 
hold. ' This has two consequences for scenario use. Firstly, reflexive action may 
rapidly invalidate some of the scenarios and, secondly, the further into the future 
the narratives extend, the more divergent they are likely to be from present 
conditions, and the less likely they are to represent actual futures. This is a 
function of both the inevitable incompleteness of actual data, and the effects of 
feedbacks. 
Given the accelerating timescale of human social and technological change and 
the increasing frequency of catastrophic events affecting the human ecosystem 
(Millennium Ecosystem Assessment 2005), a cut off point at the year 2050 reflects 
both the MA timescale, and also the point where the confidence level in the 
narratives decreases to zero. 
The narratives were developed in table form to ensure equal consideration to each 
aspect across scenarios, as is shown in Table 9.3. The table considers how each 
scenario might play out in terms of social impacts and responses, and each 
scenario is discussed further in section 9.4. While the development of these 
narratives would be immensely enriched by involving a group of stakeholders 
familiar with the issues and with likely future developments and their 
consequences, this was outside the scope of the present work. Appendix II 
illustrates some key developments which influenced the scenarios. Since these 
scenarios are explicitly not predictions, efforts were made to include aspects which 
may initially seem unlikely, such as floating homes in Liverpool and piracy in the 
Irish Sea. 
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Table 9.3 Implications of the Narratives on DPSIR across Scenarios 
Global 
Orchestration 
Order from 
Strength 
Adapting 
Mosaic 
Techno 
_garden Impacts on Pressure on marine 
Decision taken to _ Multiple instances of Government takes 
resources lead to introduction develop new nuclear ecosystem damage strong ecosystem 
the human of marine legislation. in order to maintain lead to adoption of management 
system Global climate change and present welfare green political measures. 
Kyoto targets force levels. Diverts agenda. Heavy Employment 
investment in all forms of investment from investment in created in new 
energy generation renewables. renewables at technologies. 
Ecosystem concerns lead to Trade and shipping multiple scales. Focus on 
introduction of green taxes. patterns maintained. Quality of life ecosystem quality 
Trade and economy decline Social inequities, becomes deciding using 2002 
in importance as quality of local and global, factor for new baseline. Economic 
life issues come to the fore. increase. generation. position maintained 
Fish become an Government action through trade, 
increasingly scarce supports the global inequities 
resource development of local also maintained. 
Increase in social employment and 
unrest and civic local production, to 
protest as social provide long term 
welfare increasingly social security, and 
accrues to smaller a the same time 
minority reduced global 
inequities. 
Responses 2010 Marine Act and new 2010 New Nuclear 2010 No new 2010 Marine Act, 
agency with spatial planning developed nuclear developed Water and Marine 
focus. 2015 New nuclear 2015 Negative Framework 
2015 Wind farm and new comes online. externalities Directive. 
nuclear developed 2020 Increased trade incorporated into 2020 Nuclear and 
2020 New nuclear online. and shipping. economic costs renewables 
2030 Negative externalities 2030 Increased 2020 Shift to developed 
incorporated into costs social inequity contraction and 2025 Increase in 
EG Tax on airline fuel 2040 Drive for large- convergence, local sustainable 
introduced. scale aquaculture employment aquaculture. 
2040 Decline in global trade, development 2030 Increase in 2030 Catchment 
decrease in global inequities 2050 Increasing need locally sourced scale ecosystem 
2050 Precautionary Principle for storm and flood products quality-based 
enforced by government protection 2040 Precautionary management. 
Principle enforced 2040 Shipping and 
by government trade continue 
2050 Decline in 2050 Growing 
global trade and global inequities 
shipping 
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9.4. Narratives with Respect to Impacts and Responses 
9.4.1 Global Orchestration 
None of the scenarios is intended to represent `business as usual', but this 
scenario is the one which appears to be closest to an extension of the present 
position. Although reactive, the scenario envisions the predominance of strong 
social and ecological values. Education initiatives raise the awareness of the 
importance of nature to human survival, and conservation is implemented as costs 
are weighed against benefits. Under this scenario, Irish Sea state changes impact 
on the on the Irish Sea social system for a considerable time, and responses are 
driven through wider, global-scale feedbacks. 
The introduction of the Marine Bill, in 2010, facilitates the creation of marine 
protected areas in the form of no-take zones covering 30% of UK seas by 2020. 
This is aided by the fact that there are few fishermen left and local marine-related 
tourism has become a sole source of revenue for many small coastal 
communities. However, sporadic and chaotic changes occur in many marine 
ecosystems struggling to adjust to new regimes, as invasive warm water species 
cause ecosystem regime shifts. The majority of the population are able to 
maintain their current lifestyles, but are increasingly aware of the negative impacts 
of many of their activities, particularly as the effects of climate change become 
more apparent. Trade liberalisation focuses increasingly on removing import 
quotas and supporting fair trade - although not at the expense of continued 
economic growth. Manufacturing and service industries continue their relocation 
to areas of lower cost, meaning that shipping continues to increase. However, 
energy demand remains high and reducing CO2 emissions proves an intractable 
problem. As evidence for climate change continues to accumulate, the UK 
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responds by expanding both nuclear and wind power energy investment. The 
Republic of Ireland, with a more rapidly growing economy, more dependent on fuel 
imports and under pressure from its own Kyoto targets, focuses on the 
development of renewables, especially wind. 
In the Irish Sea itself, increasing fuel costs, legislation and lowered fish stocks 
result in the cessation of fishing pressure, but commercial fish stocks remain low 
due to locked-in marine climate changes. However, under pressure to meet EU 
commitments and backed by growing social awareness, green taxes are slowly 
introduced. Policies are developed which decouple the links between drivers, 
pressures and marine state changes by penalising polluters and rewarding clean 
ships and clean ports. Nutrient and pollution pressures decrease due to industrial 
relocation, together with more stringent emissions legislation as the precautionary 
principle becomes integrated into national policies. 
In the long term the outlook for a sustainable Irish Sea human-marine ecosystem 
under this scenario is equivocal. Short-term local gains occur at the expense of 
hidden long-term damage which apparent solutions such as introducing protected 
areas do nothing to remedy. Nuclear waste levels will increase, and leakages may 
become more frequent as coastal storage sites are subject to increased flooding. 
We cannot avoid the impacts from long-term global cycles and are locked into a 
degree of change - yet any action will take time to implement. If we wait for 
severe and shocking impacts before initiating a response, we may find that the 
fundamental underpinnings of society - natural capital such as clean water, food, 
shelter and even dry land are suddenly seen to be drastically eroded. This 
reactive scenario may delay and divert disaster but not prevent it. 
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9.4.2 Order from Strength 
Under this self-interested and reactive scenario the Irish Sea socio-ecological 
system forms part of the European trading bloc interested largely in maximising 
economic gains. Irish Sea state changes have no impact on the competitiveness 
of the UK economy, where environmental legislation is enacted only after long 
hard battles against resource-rich economic interests. Nature is conserved only 
where it can provide a profit. Greater economic efficiency means fewer people are 
employed and public goods such as education, health and infrastructure are 
increasingly there only for those who can pay. Cities develop large areas where 
unemployment, poverty and crime are rife, resembling shanty towns rather than 
the gleaming glass and metal towers of science fiction. 
Growing threats of disorder reinforce the reactive approach to both environmental 
and social problems. 
That fish populations are decreasing and fewer `natural' areas remain goes largely 
unnoticed as people continue to holiday abroad and consume farmed or imported 
seafood. Issues are dealt with only when they impact directly on economic 
concerns. Concerns about homeland security prompt more nuclear energy 
generation and development of the chemical and biotechnology industries. 
The UK's nuclear waste storage facilities are increasingly in demand, and less 
regulated, and the knowledge economy develops proposals for colonising space. 
In the marine system, more vessels and busier ports, but decreased regulation 
and environmental standards, mean an increase in pressures such as noise and 
habitat loss and alien or invasive species introduction, as well as accidental and 
operational discharges of pollutants. More new compounds are released into the 
ecosystem with unknown effects. Diffuse pollutants from urban run-off, personal 
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hygiene products, medicines and endocrine disrupting chemicals continue to 
increase and cause new state changes to add to the existing legacy. In the 
already degraded and polluted marine ecosystem, new species fail to take hold 
and a `dead zone' extends from Liverpool to Dublin. Fish populations continue low 
and, despite a raising of quota levels, local fishing becomes obsolete and is 
compensated for by increases in aquaculture and imports. Algal blooms increase. 
Conservation efforts focus on small reserves outside the Irish Sea, (where there is 
nothing of value to protect), particularly those which can offer economic benefits. 
Interest in conservation of Irish Sea areas is low as rumours persist about high 
levels of radiation and piracy. Climate change impacts occur increasingly often, 
but are mostly felt by the growing numbers of illiterate poor living in decaying 
coastal areas near the Irish Sea during the winter flooding season, while the 
wealthy jet off to distant shores to enjoy pristine coral reefs, and beaches 
protected by armed guards. 
This scenario shows how a reactive spiral could develop, with positive feedbacks 
between economic needs, environmental damage and social suffering reinforcing 
each other. What is developed here is, hopefully, a worst-case scenario resulting 
from the prioritisation of economic values at the expense of natural and social 
capital. This scenario is the most militaristic of the four, and in the current climate 
of `war on terror' has some immediate concordance. However, it highlights moral 
considerations in terms of both human suffering and environmental damage, of 
which policy makers should be aware. 
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9.4.3 Adapting Mosaic 
This scenario is a proactive one, and starts with immediate discontinuities of 
present trends in shifting from the present dominant social values to the adoption 
of a green political agenda. Local ecosystem management presupposes 
fundamental changes in governance, a turning point achieved with support from 
UN and EU initiatives which strengthen knowledge exchange and institutional 
cooperation in order to develop grass-roots action and involvement in the face of 
other, competing, interests such as global trade. 
The new nuclear option is discarded, and there is heavy investment in renewables, 
both large-scale wind farms and support for local, micro-scale generation. 
Ecosystems are managed at the regional watershed-based scale by local 
communities heavily involved in political concerns which prioritize the environment. 
Increased interaction with the natural world promotes respect for nature, which is 
increasingly conserved on principle, for its inherent worth, rather than any value 
attributed to it by humans. Legislation and policies which support this shift, e. g. 
the EU WFD(Directive 2000/60/EC 2000), Agenda 21(OECD 1992) and the EU 
principle of subsidiarity (EU 1992c), are already in place. The new Marine 
Framework Directive focuses on marine ecosystem quality. This scenario 
envisions all commons regulated by a presumption against activity which may do 
harm. As urbanisation increases the opportunity is taken to develop high-density 
organically evolving cities as envisioned by Jacobs (Jacobs 1984). Floating 
houses are developed in urban areas as cities adapt to the effects of climate 
change and relieve pressure on agricultural land. Quality of life, rather than of 
income, becomes a key value in society as people refuse to be burdened with 
increasing stress. Small businesses and real people rather than multinationals are 
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subsidized by governments, and community initiatives such as food co-operatives, 
micro-credit agencies, micro-power and Local Exchange Trading Schemes 
flourish. The importance of community capacity both to support human wellbeing 
and to provide the capacity to adapt to unexpected ecosystem changes is 
increasingly understood due to widespread environmental education. As 
governments become once again responsive to the needs of the people, both 
individual empowerment and responsibility increase. Socio-ecological 
responsibility is recognised and rewarded, leading to a reduction in agricultural 
pressures as small mixed farms and the organic production area increase. 
International trade decreases as trade in goods whose production, use or disposal 
damages ecosystems is increasingly rejected. Industry is forced to internalize all 
environmental costs and undergoes a painful rethink of economics. The nuclear 
industry and its radioactive legacy becomes a huge economic and social burden. 
Ecological efficiency, using and cycling natural resources at a rate no greater than 
they are produced, is prized far above economic efficiency. 
The Irish Sea becomes less polluted, but still suffers the effects of climate change, 
with new species moving in and extensive managed realignment of the coast. 
Conservation is implemented through the maintenance of natural capital. 
Technology is used to develop alternatives with a focus on avoiding ecosystem 
changes through zero-emissions policies and adapting to ecosystem changes as 
they occur. Closed-system land-based aquaculture develops in response to the 
decline in fisheries, and fish are on sale, but at their true environmental cost. 
This scenario, where natural capital is to be preserved not substituted for, is the 
one which offers the most utopian vision of a healthy sustainable marine 
ecosystem in the Irish Sea and across the globe. Positive feedbacks between the 
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society, economy and ecosystem again come into play but with very different 
outcomes from those in the `Order from Strength' scenario. It is arguable whether 
this scenario is achievable, given current global population rates. Certainly it is not 
achievable if present consumption rates are to be maintained. However, this 
scenario would involve massive cultural and social value changes supported by 
sustained political will and application. During the Millennium Assessment this 
scenario was evaluated as offering by far the best option for global sustainability. 
9.4.4 Techno Garden 
This scenario is again a proactive one, which envisions the rapid development and 
deployment of green technology across the globe. Responses are initiated in the 
light of suspected and probable impacts, but some trade offs are recognised as 
inevitable. Ecosystems are actively managed, but to produce goods and services 
for society in an effort to avoid problems, rather than for any inherent worth. 
Nature becomes increasingly commoditised as a result. Where natural capital is 
eroded, substitutes are developed. The major discontinuity here is the move 
towards proactive ecosystem management, rather than current reactive 
approaches. Under this scenario, both nuclear and renewables are developed in 
order to maintain present lifestyles, and environmentally sound technology 
minimises pollution. 
Huge sums are invested in large-scale projects reminiscent of the 1950s, in 
response to projected impacts on human society. Land-based aquaculture and 
horticulture using bioengineering techniques become common. Large areas of UK 
and Irish land are developed for the growth of bio-fuels. Agriculture becomes 
almost unrecognisable as food production turns to developing substitutes such as 
the growing of chicken nuggets rather than chickens. Education in science and 
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technology is increasingly well-funded and both the UK and Ireland are well placed 
to develop the emerging knowledge economy of Europe. Many new jobs are 
created in new technologies such as watershed management intended to mitigate 
the impacts of flooding. Large-scale monitoring and warning systems are 
developed in response to climate change. By 2030 the recycling industry has 
become big business. Economic growth is maintained well into the 2040s, as the 
success of these large-scale environmental management techniques maintains a 
high living standard for many of the catchment area population, along with high 
levels of consumption and lowered levels of waste. 
However, the cost and scale of these projects, coupled with human health 
concerns mean non-use species are increasingly eliminated from the ecosystem. 
Although specimens are maintained in gene banks, zoos and aquaria for their 
option value in the future, many vital ecosystem interactions are lost. The 
widespread use of technological substitutes ultimately means increased costs to 
the environment. The benefits of new technology are accompanied by losses of 
unpriced ecosystem services such as waste assimilation and climate regulation, 
soil fertility and disease resistance. Although by 2050 few adverse lifestyle 
consequences have been felt in the Irish Sea area, ecosystem resilience is 
severely eroded and global inequities are again increasing. 
This scenario appears initially to offer huge societal gains from the development of 
science and technology. However, it raises the question of who is to benefit from 
this technology and how we are to avoid situations similar to the present, where 
we have enough food for everyone and over 700 million undernourished people in 
the world (UN Food and Agriculture Organisation 2003). The assumption that we 
can control ecosystem processes and predict the consequences of our actions is 
182 
even more alarming in the face of the huge environmental costs that are becoming 
apparent as the price we are paying for the social advances already made 
(Millennium Ecosystem Assessment 2005). 
9.5 Discussion 
9.5.1 Values, Impacts and Responses 
It is the underlying values inherent in the scenarios which play a key role in 
determining the outcomes. The `Global Orchestration' scenario conceptualises 
sustainability as something which can be introduced by addressing economic, 
social and environmental issues separately, without recognising that social and 
economic gains are fundamentally underpinned by ecosystem wellbeing, and that 
these gains are too often achieved at the expense of the ecosystem. In this 
scenario we are `addressing symptoms not causes' (Naess 1973), implementing 
the weak sustainability described in Chapter 2, which ignores the fundamental 
interconnections of human society and ecosystem wellbeing. 
The `Order from Strength' scenario focuses on maintaining current gains in human 
welfare despite increasing social and ecological problems. This rigid and reactive 
approach is based on maximising human welfare. Total human welfare increases 
but is composed of massive gains for the few underpinned by low welfare levels of 
many. The scenario shows the dangers of maximising total human welfare and 
leaving ecosystem wellbeing completely out of the picture. The values here are 
largely economic, focusing on short-term gain, and inadequate to underpin a 
sustainable socio-ecological system. 
The `Adapting Mosaic' scenario focuses on community values and quality-of-life 
issues. Two key features are: political support for human wellbeing, and a strong 
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understanding of the fundamental importance of the ecosystem to that wellbeing. 
The underlying rationale is that in a complex socio-ecological system where 
unexpected outcomes are inherent, it is the means rather than the ends which will 
provide routes implementing a strong sustainability. The solution lies in the 
development of adaptive capacity within society that is strong enough to adjust to 
accept and even welcome emergent problems. The values here offer a promising, 
if somewhat utopian, outlook for developing a sustainable socio-ecological system. 
The `Techno Garden' scenario focuses largely on achieving ends, through means 
which are based on the hubristic and fallacious assumption that we can predict 
what the ends will be in a complex system. Unexpected outcomes inevitably 
interfere with these proposed ends. The underlying values here appear to be 
anthropocentric and utilitarian. Only that which is of value to man is developed, the 
ecosystem is not considered important in itself, and there is no consideration its 
inherent worth. Not only does this allow no room for the emergence of the 
unexpectedly important or valuable, it again risks the collapse of the socio- 
ecological system. 
9.5.2 Implications for Management 
The benefits of using scenarios are found chiefly in the process itself. Scenarios 
should ideally be used as a process of exploration by an informed group of 
stakeholders. Here, applied by an individual, the four scenarios have each 
deliberately been taken to extremes in order to thoroughly explore possibilities, 
and the results are acknowledged to be subjective. Scenarios are not predictions, 
and therefore limited in their ability to offer us choices for the future. However, they 
do force us to explore underlying assumptions and value judgements, which are 
often not made explicit in data-focused modelling. 
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Even the limited exploration of scenarios conducted here served to highlight 
dangers which may not be initially apparent, and opportunities for change. This is 
particularly important in complex systems where stated or desired outcomes do 
not always occur. Even the best-developed scenarios do not fully reflect the ability 
of the human socio-ecological system to respond to change. As new knowledge 
or understandings emerge, scenarios can develop very differently. In managing 
situations subject to constant change, management itself becomes a process, 
rather than a fixed plan to be followed. This argues for adaptive management 
which is able to respond to these changes. It also argues for the incorporation of 
scenario-building by stakeholder groups into the management process. This is an 
avenue which was identified as particularly promising by the Millennium 
Ecosystem Assessment's Framework Report (Millennium Ecosystem Assessment 
2003). 
The involvement of all stakeholders in policy and planning is supported by the 
Aarhus Convention (UNECE et al. 1998) European ICZM strategy, (European 
Commission 2000) and the Maritime Green Paper(EU 2006). However, it is also 
essential that this involvement is supported by data access, particularly in the case 
of spatial planning in areas of multiple and conflicting uses. The GAUFRE Project 
(Maes et al. 2005), developed 6 scenarios, in order to include different sectoral 
views and conflict, from which they hope to develop a full `vision' for the Belgian 
Part of the North Sea. 
In the Irish Sea, climate change emerged as the factor most likely to lead to abrupt 
shifts in socio-ecological systems, derailing even the most optimistic plans. The 
future is, however, still dependent on our own social choices. Berkhout (2002) 
reminds us that while future scenarios can help us adopt benefits while avoiding 
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the downsides, we should not put all our eggs in one basket. Maintaining a wide 
scope and not ruling out any options is therefore a necessary consideration for 
management. 
9.6 Conclusions 
Using futures scenarios also shows how our management outcomes are ultimately 
reliant on educated and informed choices based on what kind of future we want - 
a moral and ethical judgement involving a spectrum of societal values. The 
scenarios can highlight some of the consequences of our choices and perhaps 
lead us to reconsider. Do we really want a widening gap between rich and poor? 
Or a technologically dominated world where nature exists only in `reserves'? Can 
we carry on in the assumption that we can continue to trade-off economic and 
social gains against environmental losses? Or should we strive for the possibly 
unattainable utopian vision of the adapting mosaic? 
Whatever we decide we want, we must remember that we do not manage 
ecosystems, and we are unlikely ever to do so given the complexity and stochastic 
nature of these systems with their capacity for multiple feedbacks. Management 
opportunities therefore focus on social interactions and societal interactions with 
ecosystems. Management also needs to `expect the unexpected' (Walters 1986), 
and be prepared to respond to changes in innovative and resourceful ways which 
minimise social and economic trade offs with the ecosystem. The ecosystem of 
the Irish Sea will adapt to all kinds of changes, but some of these changes, 
although anthropogenic, may be totally inimical to human wellbeing. Reactive 
solutions may be too little and too late. Proactive solutions face another 
challenge. Plans for the future are hindered by the inherent unpredictability of 
socio-ecological systems. Since we cannot predict outcomes with certainty, 
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focusing on the means we use rather than the ends we hope to achieve may be a 
more effective route to sustainability, treating it as a process, not a goal. That 
implies considering all our actions in the light of how the ecosystem and other 
social systems are affected -a radical change from current, economic priorities. 
Developing a higher level of understanding of socio-ecological links and their 
importance to human wellbeing is key. Socio-ecological links cover a broad field: 
the psychological as well as the physical, art as well as science, ideas and 
imagination. In addition, despite the speed of communication, plus ever- 
increasing data on the natural world and also on the impacts of our activities, 
social responses to ecosystem changes are dampened by the transfer of impacts 
elsewhere and by substitution. How people feel about the Irish Sea may be just as 
important for sustainability as what people know about it. There is therefore a 
need to foster a greater responsiveness within society to changes in socio- 
ecological systems. Legislation, societal norms and values which reflect this need 
for responsiveness also reinforce the capacity within society to allow adaptations 
to happen, and help ensure that socio-ecological wellbeing is maintained. 
Dissemination of environmental data is widespread, but as societal connections 
with the natural world are increasingly eroded, how we `feel' about nature is a 
question seldom asked but vital for wellbeing. 
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Chapter 10 Sustainable Marine Management 
We live at a moment when "the results of science" confront us daily with the most 
extreme moral challenges, from abortion on demand and the prospects of genetic 
engineering to the more amorphous challenges generated by our society's 
assumption that every problem facing mankind is susceptible to technological 
intervention and control. (Kimball 1994) 
10.1 Summary 
This final chapter completes the use of the soft systems cycle with an evaluation of 
the research listing key findings, an assessment of how far it achieves its purpose 
by looking at both the implications of the findings and the limitations, before 
considering future work - what action should be taken in the light of what was 
learned during use of the cycle. 
Against a background theory of complexity, this research has focused on a holistic 
approach to marine management using innovative methods from soft-systems 
theory. Given the inadequacy of present conservation measures, this thesis has 
approached the issue of implementing sustainability in a regional sea from an 
interdisciplinary, holistic perspective. The social nature of ecosystem problems 
and the interactions between science and policy have been major themes. 
The overall aim of this research was to explore why marine conservation is failing 
to deliver, and to examine ways to implement sustainable, adaptive marine 
management in a complex socio ecological system, under conditions of inherent 
scientific uncertainty. Three issues which emerged from the literature were the 
need for a new methodological approach, the need to overcome disciplinary, data- 
policy, and theory-practice divides, and the need to find a way to implement more 
effective, sustainable marine management. 
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In order to address these points, and to further the implementation of sustainable 
marine management, a re-conceptualisation of marine conservation in holistic 
terms as an interacting socio-ecological system, rather than purely scientific terms, 
was developed. 
Taking an iterative, systemic approach, the Irish Sea was explored as an 
interlinked human socio-ecological system. Initially a GIS based footprint model 
bringing together anthropogenic impacts from multiple sectors and bridge 
disciplinary divides was developed. This used hard data to illustrate where human 
activities in the Irish Sea ecosystem are concentrated, and served as a valuable 
scoping exercise. The footprint was then evaluated to see how well it reflected an 
interlinked socio-ecological system. Gaps in data and the clear need to include 
land-based activities and underlying social factors were identified. 
Soft-systems methods were then used to explore the socio-ecological system of 
the Irish Sea. The method was found to be usefully inclusive at the scoping and 
screening stage. The development of a marine footprint served as a data- 
gathering exercise, and highlighted the importance of including not only land- 
based activities but also social factors. The exploratory systems diagramming 
techniques were invaluable in the model development stage, and the ongoing 
evaluation process was crucial to shifting the focus of the research from marine 
ecosystems to socio-ecological systems. 
The use of the DPSIR framework extended the conceptualisation to cover societal 
causes and include socio-ecological links. Innovative soft systems diagramming 
methods enabled the identification of key factors for inclusion in holistic modelling, 
rather than following an exhaustive, reductionist approach. Development of the 
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DPSIR model highlighted a fundamental disciplinary divide between the natural 
sciences used to describe ecosystems, and the social sciences used to describe 
human systems. Both are both crucial components of the DPSIR framework, yet 
deal with qualitatively different types of data, as was shown in Chapter 8. 
Futures scenarios developed specifically to explore Institutions and approaches to 
the environment were used to develop alternative narratives focused on the 
multiple human activities in the Irish Sea. As well as making use of existing data, 
these scenarios introduced social and cultural considerations and highlighted the 
importance of societal choices to future marine sustainability. Futures scenarios 
were used in this study in order to provide context, in a culturally meaningful form. 
Futures use expert opinion, from multiple experts, and are in addition part of a 
long, story-telling tradition in human societies. Developing these `stories' draws on 
knowledge from many disciplines, and attempts to provide intuitive, holistic 
pictures of how things might be. Unlike the more usual `resource management' or 
end-of-pipe approach, this process short circuits the reductionist approach without 
losing scientific rigour. The process asks us to use all our knowledge, and apply 
this with wisdom, in order to consider deeper questions of ethical assumptions and 
moral choices, choices for equity both now and in the future, and for sustained 
interaction with all life on this living planet. 
10.2 Key Findings 
The central finding of this thesis is that the current paradigm of a natural sciences 
approach to marine management fails to deliver an adequate understanding of a 
complex socio-ecological system, or to provide effective management. Indeed, 
ignorance of the role and importance of social factors explains much about the 
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construction of the data -policy gap, the theory practice gap, and why `marine 
conservation is failing to deliver'. 
From a holistic viewpoint, management involves multiple disciplines with 
contrasting perspectives and epistemologies, and which make use of non- 
commensurable types of data. Subject to the limitations mentioned in section 9.1 
and 9.2, we can measure ecosystem data and social data, but making links across 
the subjective-objective divide is dealing with types of data that are non 
commensurable, and correlations are therefore very difficult to justify. These 
limitations also highlighted the danger of relying on the DPSIR framework to 
provide indicators of sustainability. The intuitive simplicity of the DPSIR framework 
masks many of the underlying complexities. From sections 9.2.1 and 9.2.2, data 
on indicators or nodes, where available, rely on long term monitoring of linked 
components. Yet we cannot be certain which nodes, at which levels, to include. 
We don't have the nodes or the links - and we will likely never have them. The 
danger of this is that in relying on such indicators of these nodes as we do have, 
we are missing vital inter-connections within and between different hierarchical 
levels of time and place. 
The over-reliance on hard data also in part explains the theory-practice gap. 
Current practice follows a modernist, data-based approach, seeking to reduce 
uncertainty, while theory suggests a new approach is needed. As identified in 
Chapter 6, and by the Irish Sea Pilot Project, there are still many data gaps, for 
example, the lack of information available on shipping intensity or the causes of 
harmful algal blooms. However, while these may be fruitful avenues for further 
research, there are many links between the DPSIR components where data may 
never be available, due to the complexity of social-ecosystems and the 
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unpredictability of outcomes. This underlines the many uncertainties which are a 
part of the nature of a complex, stochastic system, and which management needs 
to accommodate, not by reducing uncertainties, but by accepting them. However, 
management in conditions of uncertainty, as the literature suggests, requires a 
different paradigm from the present linear and reductionist approach. Since we 
cannot predict outcomes with certainty, moving towards a stated goal or aim 
becomes pointless. 
Adaptive management, by creating the conditions necessary for adaptations to 
occur, offers a promising, if radical solution. This implies a shift in focus from the 
ends, to the means, from sustainability as a goal to a process, and a social 
process rather than a scientific one. This would involve a shift in focus from the 
currently dominant scientific paradigm to one which includes the importance of 
qualitative factors, a shift in opposition to current trends and social processes 
which currently trade off social and economic gains at the expense of the natural 
world. Any process implies change, and therefore a metric of change, but in this 
case a metric is required that is indicative of process rather than linear progress, in 
a relative, rather than an absolute sense. Chapter 9 illustrated a means by which 
this might be achieved, through the use of the scenario building process to look at 
long term aims. 
10.3 Implications 
The dichotomy emerging from close examination of the DPSIR framework 
provided insights into how the data-policy divide is constructed and maintained, 
and how it contributes to the failure of marine management initiatives. The current 
reliance on quantitative data for input into management only tells a part of the 
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story. Management decisions are complex, and controlled by multiple factors 
which include the qualitative. In addition, the DPSIR framework is used, here as 
elsewhere, to inform decision making. Its use therefore requires value judgements 
- `What should we do? Which choices are better? For whom? ' These are moral 
choices, for which science can provide back up data, but which ultimately depend 
on our values. Failure to take this into account results not only in failure to 
address the root causes of management problems, which are social and cultural, 
but also in inadequate management which may well fail to achieve its stated aim. 
The un-stated and implicit values and world views held by managers and data 
providers may in fact be as important as hard data in the management process. 
The natural sciences alone are cannot address sustainability: the social sciences 
also have a key role. Taking an approach grounded in understanding of the social 
sciences has had the advantage of situating data, be it on social or natural 
sciences, in their societal context. However, the social and natural sciences have 
very different starting points and take very different routes to understanding. 
Natural science describes scientific processes, and moves on to consider how 
these may affect society, whereas social science focuses on people, beliefs, 
values and institutions with varying levels of power, and how these behave and 
interact. 
Social science encompasses the role of both science and scientists in society, as 
institutions, agents and citizens. However, science undoubtedly has social 
consequences. In addition, while the scientific disciplines strive to be objective, 
rational and value-free, social science is explicitly normative - asking questions 
about what we should do, and accepting that decisions are choices based on 
multiple value judgements which are taken in conditions of uncertainty, limited 
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rationality and unequal distribution of power. This interface, or rather non- 
interface, of the social and natural sciences is what appears to lie at the core of 
the data-policy divide. In our present society, it is to science that we look for 
advice and answers to questions. While science can inform the sustainability 
debate regarding facts, it is unwise to expect answers on questions of values to 
which science, in so far as it is objective, cannot provide. 
In moving from the natural to the social sciences, the object of study becomes 
human behaviour, and the motivations which underlie and explain that behaviour. 
In managing human activities therefore, it appears that social science has far more 
to tell us about scientific data, and how and why this is taken on board by society 
and policy makers, than scientific theory has to tell us about social factors. It is 
social science which explains how contested, socially constructed, scientific data 
are situated in their informational context, rather taking as-read the single, 
objective viewpoint for which we strive in science. 
Meaning and context become crucially important when we attempt to modify our 
activities or to effect change. If we want to achieve change, it is at the level of 
social interactions that we need to operate. Data at these levels can of course be 
measured quantitatively, but that is to miss the point. It is not how much timber, 
how many trees, tree huggers or paintings of trees we have, that counts, but the 
attribution of meaning and values in context. In terms of the power relationships 
which govern societal outcomes, the tree huggers may ultimately be more 
important than the trees, because of their values. 
Responses will only happen when impacts on human society are perceived. This 
can, of course be facilitated through education, as many environmental 
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educational practitioners are doing. However, this is largely science-based 
education, which, while effective at communicating facts, ignores feelings and 
values and the role these play in influencing decision-making. More effective 
decisions would be made with a better understanding of the role of values and 
how they interact in negotiations between agents of power in decision-making. As 
well as bringing science to the public, there is a clear need to bring social and 
cultural insights and wisdom to bear on science itself, and its role and purpose in 
society. The ethical considerations involved in science extend far beyond animal 
injury and data protection, to cover how science can benefit society and our socio- 
ecological system. 
Present decisions are taken within a social paradigm of global economic growth as 
the source of social and ecosystem welfare. Thus far, since globally we are living 
in conditions of overshoot, with impacts external to the economic system and to 
the social systems with which we are familiar, this situation has appeared 
acceptable to those who make decisions, and those who benefit from them. 
However, current global scale changes and the widespread negative social 
consequences, are calling into question how long this situation can continue. 
Ecosystem welfare is a complex thing - perhaps mysterious and unknowable - 
perhaps to be understood by the deep identification discussed by philosophers of 
the deep ecology movement, certainly unknowable through reductionism. The 
usual route to understanding is a call for more data, is `to meet policy and 
management needs'. Yet there are already vast quantities of data available. Do 
we need more data? Scientists, seeking to remove uncertainty, argue that yes, we 
do. More larval dispersion studies in order to designate sites for MPAs, more 
monitoring of contaminants and marine state changes. In the light of the four 
constraints on rationality described by March (1994) , on page 149, and complex 
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systems theory, this leads only to more questions, not necessarily to answers. 
What decision makers clearly do need, as Doody (2003) describes, is more 
information. Data are meaningless without interpretation, and this requires the 
supplying of context. 
10.4 Limitations of Research 
An interdisciplinary approach to marine management presents a huge challenge, 
which this research has only begun to address. Limitations were found in 
disciplinary approaches, in the methods used to overcome them, and with the 
scope of the research. During the footprint work, weaknesses were found not only 
in the data availability and failure to cover land based influences, but particularly 
with the difficulties of combining multiple ecosystem impacts and predicting their 
effects in a complex system. In addition, the development of a footprint, although 
concentrating on impacts of human activities, fails to explore the underlying, 
societal causes of ecosystem impacts. 
The DPSIR framework, despite its limitations as a quantitative model, was found to 
add much to understanding of the main research questions, as it highlighted the 
importance of social issues in what is frequently considered a purely natural 
science question - conservation. Since sustainability is a social process, human 
society and its relationships with the ecosystem are therefore essential 
considerations for sustainable marine management in a complex system. 
The soft systems method, although providing useful insights, was limited by the 
inability to involve multiple stakeholders. In order to be successful in actually 
achieving the transformation, the method is intended to be active, involving the 
relevant agents in the full cycle. Developing a truly sustainable Irish Sea would 
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require incorporating the soft systems learning cycle into the management 
process, an aim beyond the scope of the present research. 
Similarly, the development of narratives for alternative futures is more fruitful when 
developed by groups of stakeholders with interest in and knowledge of the system 
in question. 
10.5 Future Work 
Scientific evidence describes our current ecological crisis, urgently needing action 
at multiple levels. Social science describes how the present crisis has emerged, 
but neither alone can describe solutions. The soft systems approach to policy 
making and management, implementing an adaptive, cyclical, learning method, 
may offer a way forward. This route consists in starting a process and initiating a 
multi-disciplinary dialogue rather than providing an answer. The data on which we 
currently rely for policy guidance is focused on monitoring of the natural 
environment, yet the literature makes it clear that management is about human 
interactions, both within the social system and between social and natural systems 
(Berkes et al. 1998; Holling 2001; Cicin-Sain et al. 2002; Doody 2003). Managing 
the Irish Sea involves considerations which extend beyond the marine ecosystem 
boundaries, beyond the catchment area and beyond the focus on data - or it will 
not succeed in achieving sustainability. 
With current moves in the UK (English Nature 2004; Laffoley et al. 2004) towards 
the introduction of the ecosystem approach, advocated by the Convention on 
Biodiversity (CBD 2004), marine management is at a turning point which may 
provide an opportunity to implement the adaptive marine management process. A 
new Marine Act and Marine Agency are being discussed in the UK Parliament 
(DEFRA 2006), and the European Union is developing a Marine Framework 
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Directive (EU 2002). However, maintaining the present narrow, scientific 
boundary in dealing with an interlinked socio-ecological system is not only limiting, 
it will lead to management failures. In order to overcome this, it is crucial not to fall 
into the trap of thinking that other disciplines do not exist. Policy making requires 
both social and ecological understanding, and policy-makers should be aware of 
both of these. In order to develop sustainability, the complex web of socio- 
ecological interconnections must include the interaction of human stakeholders 
and agents of power. The constructivist nature of our knowledge of an ecosystem 
means that measurement and observation of physical data is insufficient to 
provide guidelines for ecosystem based management. Any knowledge is partial, 
provisional and contested, and uncertainty is not to be done away with by the 
provision of more data. 
In the development of future marine management, we need to be clear about what 
we are managing and about the purpose of management. Given the urgency and 
severity of the problems we are facing in the marine environment, and indeed 
globally, it is time we rethought our priorities. It is beyond our power to manage 
ecosystems. We can only attempt to manage our social interactions, and even 
this may be a challenge. But we can no longer continue managing for short-term 
local gains at the expense of the global system. We can not wait for a certainty we 
will never have, and we can not simply hope for the emergence of technical 
solutions which, in conditions where externalities have become life threatening, 
now create more problems than they solve. If we cannot be certain that we will 
achieve a stated goal, due to the stochastic nature of feedbacks, we are logically 
thrown back on process, on means, rather than ends. 
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The process of managing a stochastic system rests on building-in adaptability 
through facilitation of feedbacks, and active promotion of all forms of diversity, 
socio-cultural as well as biological. We would also need to extend the boundaries 
of our conceptualisation to include multiple meta-narratives, involving all 
stakeholders, including future generations. Societal diversity and the recognition 
of the importance of every viewpoint in interpreting contested realities and in 
developing social wisdom may prove to be key to a sustainable future. 
A vital point in facilitating understanding is the development of a more effective 
communication processes. Chapter 8 has shown how with regard to sustainability, 
communication and information links between ecosystems and social institutions 
are clearly out of phase. A key feature of implementing the process of 
sustainability is therefore the facilitation of feedbacks, not only the data, but also 
the knowledge of context and consequences, to improve information transfer 
between multiple groups. Alongside the pursuit of more data, equal efforts should 
be made to situate data in context - to provide meaning which leads to knowledge 
- as illustrated in Chapter 9. The use of scenarios in the participatory stakeholder 
decision making process is strongly recommended. 
Management is ultimately about our cultural values and social goals. Society and 
social institutions embody social purposes and values, and the dominant social 
institutions at present are not focused on maintaining ecosystem resilience. 
Indeed our underlying moral approach to the natural world at present appears to 
centre on greed, selfishness, hatred, and violence, rather than or solidarity, 
understanding feeling and respect. Perhaps it is now time to evaluate all our 
social institutions in the light of how they contribute to sustainability, and all our 
activities in the light of the unpredictability which underlines the importance of 
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including the precautionary principle in all we do. Sustainability in a marine 
ecosystem, or any system, will emerge not through a focus on the measured and 
observed, but through strengthening of self-aware interactions between 
ecosystems and societies. Ultimately we are a natural part of our ecosystem, 
however, acting `naturally' does not mean acting in ignorance. We are thinking 
beings too and have choices to make, perhaps never more urgently than the 
present, about how to make our interaction with the rest of the planet an intelligent, 
sustainable one. 
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A1.1 Introduction 
This Appendix details the datasets and information on the components of the 
DPSIR framework and associated variables which were explored in the course of 
this research. It describes the construction of the maps shown in Chapter 6, and 
how these were used to calculate population, area of the catchment and areas of 
different types of land use. It shows the raw data derived from the mapping used 
to calculate emissions from industry. In addition this section shows in detail the 
data used to explore changes in the variables which affect the DPSIR 
components.. 
A1.2 Land based drivers and pressures 
Population 
Determining the population of the catchment area required collation of a range of 
data from different sources, detailed in the references section below. Extensive 
data manipulation was also necessary, as summarised here. UK ward and Irish 
District Electoral Division (DED) boundaries were obtained from UK Borders 
(Census Geography Data Unit [Edina]University of Edinburgh) and the Ordnance 
Survey Ireland, (OSI 2002). These small area boundaries were then mapped and 
clipped using a GIS shapefile developed by the author for area of the Irish Sea 
Catchment, to show only those areas within the catchment boundary. Census 
statistics at ward and DED level were then obtained from the relevant national 
agencies and census population numbers were linked to the attribute tables of 
each set of ward or DED boundaries. This enabled population density to be 
mapped and an estimate of the total population of the catchment area to be 
calculated by summing the population fields in from the GIS attribute tables. 
The figure for Ireland is derived from three GIS files, the first the successful result 
of a join between MS Access and ArcGIS tables, the second the records which 
failed to join and had to be re-added with the data entered by hand, plus a single 
file for Waterford, which was found to be missing from the dataset and hand 
drawn. Duplicate records were removed and the population columns totalled to 
calculate the population number. This number was then corrected to account for 
228 
the fact that the latest Irish census was in 2002, and the latest census records for 
England, Wales, Northern Ireland, Scotland and the Isle of Man are from 2001. 
Population change data from The Environment in Focus 2002 (Lehane M Le 
Bolloch 0 and Crawley 2002) gives a national population increase in the year 
1999/00 of 10.7 persons per 1000. This was thought to be more precise than the 6 
year average data available from the Census Statistics Office Ireland. Applying 
the national rate of increase of 1.07% to the catchment population for 2002 
reduces the figure from 2,226,091 to 2,202,272, giving a revised population 
estimate for the total catchment of 13,431,143. 
Population changes over time were examined by using historical data. For all 
areas except the Isle of Man, historical data was found only at county or regional 
level due to the complex nature of historical boundary changes. Data from all 
areas except the Isle of Man are for a larger area than the catchment, so a higher 
population figure than that for the GIS derived catchment area is to be expected. 
Accurate figures are available for the Isle of Man (Isle of Man Economic Affairs 
Division 2004). For Cumbria, Lancashire and Cheshire, including Greater 
Manchester population levels adjusted for historical boundary changes, are 
available up to 1991(National Statistics. 2004). The apparent drop in population in 
Cheshire in the 1970s is due to a boundary change and the population is 
incorporated in the figures for Lancashire. Historical population figures for Wales 
are available for counties up to 1971 and for the larger areas represented by 
Gwynedd, Dyfed and Clwyd for 1981 and 1991. These figures are not adjusted to 
compensate for boundary changes, making the population estimates less 
accurate. For Scotland, historical figures were only found by county from 1981 to 
the present (General Registrar Office 2003), so in order to derive an estimate of 
the catchment area population, the proportion of total population in the catchment 
area counties in 1995 was calculated and found to be 41.7%(COSLA 1996). This 
percentage of the total Scottish population was used to estimate the catchment 
area population for 2001. For Northern Ireland, County level figures supplied by 
the Statistics and Research Agency were used. Tables Al -A3 and the 
accompanying notes show how the historical population data was calculated. 
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The UK national projections from recent census reports (General Register Office 
2004; ONS 2004; The Government Actuary 2004), indicate that populations are 
expected increase very slowly in the UK overall, at around 0.3% a year. In Ireland 
population is increasing more rapidly, and there, coastal areas within the Irish Sea 
catchment have all seen growth rates of 3% or over since 1996, (Spatial Planning 
Unit 2001), a rate expected to continue (Lehane et al. 2002). Finally, the projected 
growth rates shown in Figure Al indicate that for both Ireland and the UK 
population is expected to continue to increase at similar rates and perhaps level 
off at around 2050 (CSO 2004; General Register Office 2004; The Government 
Actuary 2004). 
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Catchment Population by Region 
2001 
Regional Population Calculated by Counties 
1861-2001. Source: See Appendix II -ý ., 
Both affluence and technology determine how population numbers lead to 
ecosystem pressures. Affluence was examined using GDP, which is increasing 
steadily in the UK and more so recently in Ireland. However, GDP does not tell 
the whole story. GDP measures economic throughput and shows economic 
efficiency, but while efficiency may reduce ecosystem externalities it may also 
merely relocate them elsewhere. GDP is frequently compared with emissions 
levels, to show decoupling of environmental impacts (pressures) from economic 
production. This can be seen in the UK where as GDP has risen, road traffic and 
C02 emissions have also risen, but PM10 and NOx emissions have fallen. In 
Ireland, while population has remained fairly steady, energy use, waste collected, 
car and household numbers have all increased. UK Headline Indicators also show 
a rise in UK GDP has been accompanied by increasing social inequity. 
An alternative method of examining consumption is to look at actual inputs. Figure 
A. 2 shows the material inputs to the UK economy, from UK Material Flow 
Accounting (Sheerin 2002). Material inputs to the UK economy shows the 
proportion of UK 2000 consumption which was derived from imports, just over 20 
tonnes per capita out of a total consumption of 35 tonnes per capita. The lower 
figure, Figure 2, shows how UK extraction appears to have peaked and imports of 
direct and hidden flows are now increasing. Using the 2000 UK figures this would 
give a consumption figure of approximately 473 million tonnes for the Irish Sea 
catchment population, of which over half, 270 million tonnes, is sourced outside 
the system. 
Household consumption changes are shown in Figure A3. Energy consumption in 
UK households (Eurostat 2004) excluding space-heating and lighting, shows a 
sharp increase from 1997, indicating an increase in domestic electrical appliances. 
In Ireland, the Household Budget Surveys (CSO 2003) indicate that spending on 
households consumer durables such as washing machines, televisions and 
computers increased by over 10% in 1990-2001. Household expenditure for the 
UK and Ireland, although the classifications differ, show that the amount and 
proportion of incomes in the UK spent on recreation, clothes and home furnishings 
has increased, while in Ireland housing, services, transport, alcohol and tobacco 
take increasing percentages of the household budget. The Irish data includes 
recreation and entertainment under the 'services and other' classification 
(CSO 
2004). 
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UK and Ireland GDP per capita, at 1995 constant 
prices, 1980-2000. Source: Eurostat 
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Figure 2 
Material inputs to the UK economy. 
1970-2000 
Mi[on caries 
UK Electricity Consumption Per Household 
1990 - 2000 relative to 1990. Excludes Space 
Heating. Source: Eurostat 
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Figure A3 Consumption 
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In the UK an estimated 31 million tonnes of household waste was produced in 
2001 (National Statistics 2004), showing an increase of 2.5% per year from 1983/4 
to 2003/4 (DEFRA 2003). The quantity of waste recycled increased from 3 to 87 
kg per capita over the same period (DEFRA 2005c). The Irish National Waste 
Database Report for 2003 (EPA 2004) shows that over 1.5 million tonnes of 
household waste were collected, approximately 400kg per capita. This represents 
a 10% increase in municipal waste in from 2001 to 2003, a 46% increase in 
recycling, and a decrease in landfill (EPA 2004)". In 2003 Ireland exported 22% 
of all waste to the UK, 39,000 tonnes for incineration and 51,000 tonnes for 
recovery. 
Between 1990 and 2004, total UK household energy consumption rose by 19.8% 
from 40.7 to 48.7million tonnes (DTI 2005a), and total CO2 emissions from 
households rose by 12.5% (Energy Markets Unit 2005). In Ireland, energy 
consumption per dwelling increased 30% between 1990-2003, but in the same 
period, CO2 emissions decreased (Howley et al., 2005). The emissions increase 
in the UK and decrease in Ireland are accounted for by changes in the types of 
fuel used for energy generation in power stations. In the UK, more coal was used 
in the 1990s (DTI 2005b); in Ireland, less coal and peat (Howley et al. 2005). 
Land-use and land use change 
Land-use was mapped using data from the 1990 CORINE land cover survey 
(EEA 2004a) derived from data acquired over a 10 year period from 1986 to 1996. 
The GIS map was clipped to the catchment area boundary. The data are at a 
resolution of 100m2 and cover the UK and Ireland. The Isle of Man is not a 
member of the EU, so the 1 km resolution Land Cover Map of GB 2000 was used 
(Centre for Ecology and Hydrology 2003). The classifications differ, but the same 
colour coding was used as far as was possible. From the attribute table of the 
map, the total land area of the Irish Sea catchment was calculated to be 
approximately 6.5 million ha or 65,000 km2. 
" 1,596,501 tonnes/ 3,978,900 people CSO. 
per person. 
2005. Database Direct. http: //www. cso. ie/px/., =401kg 
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Table A4 shows the classifications used in the CORINE land cover database 
(Version 12/2000), and gives the total area of each land-use classification found in 
the catchment area. 
Table A4 CORINE Land Use Codes 
CLC9 
0 Level 3 Codes Area from GIS Area km2` 
1 Continuous urban fabric 246,187,500.00 246.19 
2 Discontinuous urban fabric 2,425,438,009.50 2,425.44 
3 Industrial or commercial units 270,062,500.00 270.06 
4 Road and rail networks and associated land 12,813,035.71 12.81 
5 Port Areas 46,437,500.00 46.44 
6 Airports 58,437,500.00 58.44 
7 Mineral extraction sites 95,875,000.00 95.88 
8 Dump sites 12,625,000.00 12.63 
9 Construction sites 9,750,000.00 9.75 
10 Green urban areas 107,437,500.00 107.44 
11 Sport and leisure facilities 309,750,000.00 309.75 
12 Non-irrigated arable land 3,816,499,516.30 3,816.50 
18 Pastures 34,334,869,506.00 34,334.87 
19 Annual crops associated with permanent crops 250,000.00 0.25 
20 Complex cultivation patterns 1,783,312,505.50 1,783.31 
21 
Land principally occupied by agriculture with 
significant areas of natural vegetation 625,125,000.00 625.13 
23 Broad leaved forest 1,070,374,998.00 1,070.37 
24 Coniferous forest 3,820,374,997.50 3,820.37 
25 Mixed forest 135,125,000.00 135.13 
26 Natural grasslands 8,766,932,018.00 8,766.93 
27 Moors and heath-land 4,415,750,510.00 4,415.75 
29 Transitional woodland scrub 482,187,499.00 482.19 
30 Beaches, dunes, sand 113,187,500.00 113.19 
31 Bare rock 34,812,500.00 34.81 
32 Sparsely vegetated areas 3,125,000.00 3.13 
33 Burnt areas 1,312,500.00 1.31 
35 Inland Marshes 26,437,504.00 26.44 
36 Peat bo s 1,163,499,500.00 1,163.50 
37 Salt marshes 118,250,000.00 118.25 
39 Inter-tidal flats 639,187,528.00 639.19 
40 Water courses 37,187,500.00 37.19 
41 Water bodies 355,062,500-00 355.06 
42 Coastal lagoons 8,375,000.00 8.38 
43 Estuaries 319,375,000.00 319.38 
44 Sea and ocean. See 50 
49 NO DATA 810,000,520.00 810.00 
50 Sea and ocean 56,687,900,000.00 56,687.90 
Total Area 123,163,327,647.51 123,163.33 
Numbers may not add due to rounding 
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One area where drivers and pressures are closely interwoven is land-use. Land 
occupation by human settlements, both at the coast and in the wider catchment 
area, is a driver of ecosystem pressure expressed as human domination of 
habitats which formerly provided habitat for other species. The CORINE data 
were used as the basis for mapping the extent of human dominated land within the 
Irish Sea catchment, indicating areas where natural resilience is severely eroded. 
Table A5 shows how these areas were classified. 
Table A5 Human influence classifications. 
Human Dominated Areas Strong Human Influence `Weak Human Influence 
1 Continuous Urban 10 Green Urban 21 Agriculture with significant 
2 Discontinuous Urban 11 Sport and Leisure Facilities natural vegetation 
3 Industrial or Commercial 12 Non-Irrigated Arable Land 23 Broad leaved forest 
4 Road and Rail Networks 18 Pastures 25 Mixed forest 
5 Port Areas 19 Annual and Permanent 26 Natural grasslands 
6 Airports Crops 27 Moors and heath-lands 
7 Mineral Extraction sites 20 Complex Cultivation 29 Transitional woodland scrub 
8 Dump Sites Patterns 30 Beaches, dunes, sand 
9 Construction sites 24 Coniferous Forest 31 Bare Rocks 
33 Burnt Areas 32 Sparsely vegetated areas 
42 Coastal Lagoons 35 Inland marshes 
43 Estuaries 36 Peat bogs 
Human dominated land covers 3178 km2 of this. Land cover strongly influenced 
by human activities included 34,000 km2 ha of pasture land, 3816 km2 of arable 
land, 2408 km2 under other types of cultivation, and 3820 km2 of coniferous forest. 
No areas were considered without human influence, but 17,000 km2 were semi- 
natural or `natural', areas considered as only weakly influenced. Again, the 
concentration of population near rivers and estuaries is seen, as is the human 
preference for appropriation and use of low-lying and coastal areas, which often 
consist of some of the most fertile land (Imhoff et al., 2004). 
An additional factor associated with land-use pressures is recreation and tourism, 
which is estimated to contribute £2.5 billion to the Irish Sea economy in both the 
UK and Ireland (Vincent et al. 2004). Although data were not found at a regional 
scale, the Irish Sea Pilot Project reports a decrease in traditional seaside holidays, 
and an increase in holidays involving outdoor leisure pursuits such as angling 
sailing and diving. 
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Figure A4 Land Use Changes 
Land use changes were then examined. The pressure on land also appears to be 
increasing. CLC Land Use Change data from Ireland were used to map areas of 
change between 1990 and 2000. The GIS attribute tables were used to select and 
summarise major changes. Classifications 1-9 from Table A5 were used to 
examine the previous uses of what were in 2000, human dominated areas. Figure 
A4 shows spatial data for land cover change in Ireland, illustrating that between 
1990 and 2000,130 km2 of land in the Irish Sea catchment changed use to human 
dominated land cover types and 62%of this was previously pasture (EPA 2005). 
Table A6 is taken from the attribute tables for year 2000 land cover, and shows the 
land cover classifications in 1990 for the 2001 human dominated areas. 
No land has changed from urban uses to any other. In 1998 over 42,000 new 
houses were built in Ireland, rising to over 68,000 in 2003 (CSO 2004), reflecting 
population increases, the Celtic tiger economy and low interest rates (CSO 2004). 
In addition, these tend to be larger houses, often in rural areas (CSO 2004) 
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Table A6 Land Use Change in Ireland 
URB 
ID 
AN 
LASS90 Total Area km s q. Percent Sum AREA 1990m 
om Iex cultivation 3.56 2.72 3,566,404.08 
1 oniferous forest 0.09 0.07 88,800.20 
2 onstruction sites 4.08 3.12 4,083,581.50 
3 Green urban areas 4.85 3.70 4,848,202.83 
4 Agriculture with natural areas 7.05 0.54 705,124.82 
rable land 36.34 27.75 36,337,921.37 
6 Pastu res 81.34 62.10 81,334,506.22 
TOTAL 130.96 100.00 130,964,541.02 
CONIF 
OID LASS90 Total Area Km sq Percent Sum AREA 1990m 
om lex cultivation 1.50 0.94 1,505,344.80 
1 riculture with natural areas 2.23 1.39 2,228,790.67 
2 Natural grassland 0.32 0.20 319,554.27 
3 rable land 0.2.8 0.18 287,291.83 
4 Pastures 12.81 8.02 12,831,083.41 
Peat bogs 34.38 21.49 34,383,571.97 
6 ransitional woodland scrub 108.47 67.78 108,471,854.24 
OTAL 160.03 100.00 160,027,491.19 
PASTU 
ID LASS90 Total Area Km sq Percent Sum AREA 1990m 
0 om lex cultivation 35.34 7.87 35,340,300.66 
1 Arable land 413.13 91.96 413,130,165.49 
2 Peat bogs 0.78 0.17 778,981.70 
TOTAL 449.24 100.00 449,249,447.85 
ARABL 
ID LASS90 Total Area Km sq Percent Sum AREA 1990m 
om lex_cultivation 15.120 1.21 15,119,610.79 
1 Agriculture with natural areas 0.15 0.01 150,053.82 
2 Pastures 1,234.69 98.78 1,234,695,861.47 
OTAL 1,249.96 100.00 1,249,965,526.08 
CORINE Land Cover Changel 990-2000. Source: EPA Ireland. 
246 
UK 10 year updates were not available because the UK data used two different 
methodologies. In the UK, national statistical data were+ used. As shown in 
Figure A6, since 1990, over 500 km2 of land has been developed for residential 
uses, of which 268 km2 was previously rural land (ODPM 2001). Although the 
balance has shifted slightly from rural to urban sources of residential development 
land, there is still almost as much rural land as urban being developed. Building 
on rural land fell from approximately 45.5 km2 in 1985 to around 25.5 km2 per year 
in 1999, paralleling a decrease in residential construction as a whole in the UK 
(ONS 2005) 
Agriculture 
The CORINE Land Cover Classification map (Figure 6.2) shows that the majority 
of the land in the catchment area is agricultural. Pastureland covers 34,000 km2 
and arable or cropland 5,600 km2 out of the total catchment land area of just over 
67,000 km2. Natural grasslands, healthland or moorland cover just over 13,000 
km2 and coniferous forests another 3,800 km2. 
Agricultural land-cover changes were then examined. The data for Ireland were 
again derived from the ten year Land Cover Change (LCC) database (EPA 2005). 
UK land cover change was again derived from statistics. UK government figures 
use different classifications to the CORINE and LCC datasets. On advice from the 
Macaulay Land Use Research Institute (pers. comm. ) `crops', were taken as 
equivalent to `arable` and `livestock' as `pasture'. Figures from DEFRA indicate 
that pastureland area is increasing slightly in Scotland and Northern Ireland, with a 
corresponding decrease in heath and arable land. In England and Wales, the area 
of pastureland remains fairly steady, with a drop in arable matched by an increase 
in set aside. Overall figures for the UK indicate that arable land decreased by 
14.6% from 5,237km2 in 1984 to 4,573km2 in 2002 (DEFRA 2004). Additional 
changes in England and Wales are summarised in the State Of Soils report: 
`Over the past 30 years, farm expenditure on energy has risen five-fold, on 
fertilisers three-fold and on pesticides twenty-fold, indicating that increasing 
productivity is associated with higher inputs and pressures on soil' 
(Environment Agency 2004) 
For Ireland, as table A6 shows, the major land use change in the period 1990- 
2000 was the increase in area of coniferous forest, 68% of which was formerly 
classified as transitional woodland scrub, and 21 % as peat bogs. Other 
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classifications showing large changes were pasture and arable land. The area of 
arable land has increased by over 1,200 km2,98% of which was formerly pasture. 
The area of pasture has also increased by 449 km2 and over 90% of this, 400km2, 
was formerly arable, indicating some switching between the two uses. However, 
7.8% of pastureland was formerly peat bog, indicating an intensification of land 
use, with peat bog becoming pasture and over 1,000 km2 of pasture becoming 
arable. As with population, however, it is not only land use, but also farming 
methods which determine the pressure related to this driver. 
Figures A5 - A7show agricultural trends and changes in key practices. Livestock 
trends are shown in Figure A6. In the UK, even before the 2000 outbreak of foot 
and mouth disease, numbers of cattle have decreased, while in Ireland they have 
shown a slight increase. The number of pigs farmed has decreased in the UK, 
and increased slightly in Ireland. Sheep numbers in the UK appear to have 
remained steady although the figures shown, from DEFRA, are not directly 
comparable due to methodology changes (DEFRA 2004). In Ireland, sheep 
numbers have increased, perhaps connected with the increase in pastureland on 
former peat bog areas mentioned above, and poultry numbers have increased 
greatly in both countries. Closely associated with livestock numbers is the animal 
waste product, slurry. DEFRA estimates for agricultural waste give a figure of 87m 
tonnes for 1999. Of this, 80m tonnes of slurry is from `housed livestock, ' and the 
majority is spread on land (DEFRA 2003), contributing to possible ecosystem 
pressures, particularly if is it washed into rivers or blown into marine areas. 
European Environment Agency figures shown in Figure A6 illustrate how fertiliser 
use has increased in both the UK and Ireland since the 1960s, with a slight, recent 
downward trend emerging in the 1990s. However, whether or not these pressures 
ultimately lead to state changes in the marine ecosystem, is of course dependent 
on many other variables. Rainfall is a very significant factor in nitrate transport, as 
are farm management plans. 
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UK Pesticides Area Treated 1988 - 2002. Source: Environment Agency/DEFRA 
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Alongside these pressures are additional factors related to farming practices such 
as the use of pesticides, a term which here includes all types of biocides (DEFRA 
2004; EEA Dataservice 2004). Pesticide usage figures for the UK and Ireland in 
Figure A7 show a decrease since 1994, mostly in UK use (EEA Dataservice 
2004). This decrease is reflected in longer-term statistics for Wales and the North 
West of England (Garthwaite et al., 2002) which also show that the area of land 
treated has increased, despite a decrease in arable land area. This is explained in 
the Pesticide Usage Survey 2002 (Garthwaite et al. 2002) as being due to the 
increasing number of applications, causing an area which is sprayed twice to be 
counted twice. Not only are there more sprayings per year, but more pesticide 
products per crop are used, with an average of 11 in 2004 (Garthwaite et al., 
2004). Additionally, although the weight of product applied has fallen, the type of 
product used has also changed and farmers are using `new molecules intrinsically 
more active at lower doses' (Garthwaite DG et al., 2004). 
Two other factors, which may represent a reduction in pressure levels, are shown 
in Figure A7. These are the increase in set aside land in the UK, and the increase 
in land area devoted to organic farming. Total UK set aside land comprises 
800,000 hectares, and total UK and Ireland area of organic farming around 
750,000 hectares. Since these were national figures it was not possible to say 
how much of this falls and within the catchment area. 
The scale of some farming operations means that their activities come under the 
jurisdiction of the Integrated Pollution Prevention and Control Directive (IPPC) (EU 
1996) and their emissions are recorded in the EPER database, discussed in the 
following section. Annex 3 of the IPPC directive lists the different types of industry 
required to report emissions above certain limits. Among them are installations of 
poultry (>40,000), pigs (>2000 ) or sows ( >750), which made it possible to map 
the locations of intensive farming, shown in violet on the map of `other' industries. 
The intensification of farming and the concentration of emissions is an important 
factor not illustrated by the CORINE dataset. 
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Industry and Energy 
The most comprehensive source of data for industrial emissions was the 
European Pollutant Emissions Register (EPER)(EEA 2004b), which lists the 
emissions to air and directly or indirectly to water, as reported under the IPPC 
Directive (EU 1996). The dataset was mapped and then clipped to the catchment 
area and the emissions were totalled by substance and according to receiving 
environment. Tables A8 and A9 summarise the dataset, which contained over 
44,000 records. 
This dataset made it possible to compile maps illustrating the distribution of the 
metal, chemical, mineral and other industries in the catchment area. Industry is 
again concentrated in coastal and estuarine areas, frequently close to areas of 
high population density. This is due partly to the existing transport infrastructure 
legacy, even though much traditional heavy industry and manufacturing has 
relocated else where, and partly to the links between industry and population 
through employment. This underlines the importance of the population-industry 
link shown in Figure 5.7, Chapter 5. Exceptions to this are those industries reliant 
on local resource extraction, industrial farming and the Sellafield complex, which 
was deliberately sited in a low population density area. 
Once the industrial locations were mapped, the emissions from land based 
activities in the catchment area could be calculated. These are shown in Tables 
A8 and A9. The largest emission to water, both direct and indirect, is chlorides at 
over 45,000 tonnes for 2001, all from the UK and mainly from the chemical 
industry. The major sources of air emissions are the energy and chemical 
industries, with CO2 the highest-value emission level for the catchment area 
totalling 3.5 million tonnes12. Industry of course drives a demand for energy, as 
does population. However different types of energy use have different ecosystem 
pressures associated with them. 
12 Correspondence with The UK environment Agency revealed that the 
UK figures were from 2000, and are 
therefore not strictly comparable with the Irish 2001 data. 
253 
Table A7 EPER Emissions to Water 
EPER Emissions to Water Indirect for Irish Sea Catchment Area 2001 
Substance Total in k/ 
Total in 
tonnes/ 
Dichloroethane-1,2 (DCE) 10.30 0.01 
Cadmium and its compounds 19.50 0.02 
Mercury and its compounds 100.84 0.10 
Cyanides, total CN 339.00 0.34 
Arsenic and its compounds 628.50 0.63 
Nickel and its compounds 862.69 0.86 
Lead and its compounds 1,042.40 1.04 
Brominated di hen lethers 1,400.00 1.40 
Dichloromethane (DCM) 1,536.20 1.54 
Chromium and its compounds 4,838.00 4.84 
Copper and its compounds 7,467.90 7.47 
Fluorides 80,200.00 80.20 
Nitrogen, total 4,084,900.00 4,084.90 
Chlorides 9,810,000.00 9,810.00 
EPER Emissions to Water Direct for Irish Sea Catchment Area 2001 
Substance Total ink / 
Total in 
tonnes/ 
Mercury and compounds 133.13 0.13 
Cadmium and compounds 227.72 0.23 
Arsenic and compounds 707.33 0.71 
Benzene, toluene, ethylbenzene, 
xylenes 1,006.00 1.01 
Nickel and compounds 1,493.10 1.49 
Chromium and compounds 1,773.00 1.77 
Dichloroethane-1,2 (DCE) 2,044.90 2.04 
Copper and its compounds 2,780.80 2.78 
Cyanides, total CN 7,482.00 7.48 
Zinc 8,403.00 8.40 
Lead and Compounds 11,281.00 11.28 
Halogenated Organic Compounds 20,290.00 20.29 
Phenols 46,225.00 46.23 
Dichloromethane 66,256.10 66.26 
Fluorides 406,330.00 406.33 
Phosphorus 722,700.00 722.70 
Nitrogen, total 7,999,600.00 7,999.60 
Total Organic Carbon 11,255,000.00 11,255.00 
Chlorides 35,330,000.00 35,330.00 
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Table A8 EPER Emissions to Air 
EPER Emissions to Air for Irish Sea Catchment Area 2001 
x 1000). 
Substance IE t/ UK t! 
total in 
tonnes/yr 
Cadmium and its compounds 0.12 0.12 
Arsenic and its compounds 0.26 0.27 
Mercury and its compounds 1.43 1.43 
PAHs 1.5 1.51 
Copper and its compounds 3.37 3.37 
Zinc and its compounds 4.22 4.23 
Lead and its compounds 14.70 14.70 
Perfluorocarbons PFCs 16.01 16.01 
Fluorine and inorganic compounds 29.03 29.03 
Sulphur hexafluoride (SF6) 31.91 31.92 
Trichloroethylene (TRI) 45.46 45.46 
Trichloromethane (Chloroform) 0.18 70.40 70.58 
Tetrachloroethylene (PER) 86.69 86.69 
Hydrofluorocarbons (HFCs) 86.72 86.72 
Chromium and its compounds 102.00 102.00 
Chlorine and inorganic compounds 
as HCI 102.00 102.00 
Benzene 232.65 232.65 
Dinitrogenoxide (N20) 641.30 641.30 
Dichloroethane-1,2 (DCE) 880.12 880.12 
PM10 (Particulate matter 1,392.30 1,392.30 
Dichloromethane (DCM) 0.56 1,744.96 1,745.52 
Ammonia, NH3 56.44 2,248.10 2,304.54 
Nickel and its compounds 2,513.51 3.35 2,516.87 
NMVOC 22,908.00 22,908.00 
Nitrogen oxides, NOx 1,159.40 25,602.00 26,761.40 
Carbon monoxide, CO 27,555.00 27,555.00 
Sulphur oxides (SOx) 1,226.10 32,240.00 33,466.10 
Methane, CH4 4,376.40 86,364.00 90,740.40 
Carbon dioxide, C02 866,100.00 2,637,700.00 3,503,800.00 
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Figure 7: Carbon dioxide emissions by end user: 1970-2004 
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Figure A8 UK Carbon dioxide emissions. Source: (DEFRA 2005a) 
As table A8 shows, transport emissions have almost doubled since thel970s. This 
variable is associated with both population and industry. In Ireland vehicle 
numbers have increased from 08 million in 1990 to 1.3 million in 2001 (Stapleton 
et al. 2000), and emissions also rose over the same period due to the increase in 
vehicle numbers (EEA 2002). In the UK, both vehicle numbers and mileage are 
increasing, but technological measures have been effective in reducing emissions 
and increasing efficiency (DETR 2005). However, despite this, 1990-2004 UK 
transport emissions rose by 10%, due to an increase in road freight, rather than 
private vehicles (Energy Markets Unit 2005). There were also increases in land 
occupied by roads, contributing to land use pressure (Penny 2005), and in traffic 
noise (DETR 2005). 
Finally, along with population, industry also drives energy production. In the UK, 
2004 CO2 emissions from power stations were 15.5% lower than the 1990 level, 
due to technological improvements and changes in the fuel mix (Energy Markets 
Unit 2005), and renewables contributed 3.1 %. In 2002, Ireland's energy supply 
was derived from approximately 55% oil, 20% natural gas, 13.4% coal, 6% peat 
and 2% renewables, mostly wood and hydro-electricity (Sustainable Energy 
Ireland 2005). . 
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Nuclear energy supplied approximately 24% of the UK's electricity needs in 2002 
(DTI 2005b). Nuclear energy is not used at all in Ireland. The locations of nuclear 
energy generation sites and radioactive waste storage are shown in Figure A8 
alongside radioactive waste arisings, which are projected to increase, and the 
types of radionuclides released. There has been a change in the composition of 
marine discharges from Sellafield from 1985-2001, with a decrease in most 
substances, but an increase in discharges of technetium (Tc-99), that peaked in 
1994 (BNFL 2002). After discharge, particles are transported in the water column 
and sediments (Leonard et al., 1999) moving towards the North East (Leonard et 
al., 2004), accumulating in sediments and biota (Jones et al., 1999; Kershaw et al., 
1999; Ryan et al., 1999; Copplestone D et al., 2004) and eventually perhaps 
reaching the human food chain (Mitchell P I. et al., 1998). Radionuclides are of 
concern due to their long decay periods, plutonium and americium estimated as 
having dissolution half lives of 58 - 1000 years respectively (Leonard et al. 1999). 
The generation of energy from nuclear sources is likely to increase as the need to 
reduce C02 emissions becomes more pressing, especially in the light of the UK's 
obligations to reduce emissions under the Kyoto Protocol. Even without the 
building of new nuclear capacity, the UK still faces the need to store radioactive 
waste arising from the decommissioning of existing nuclear plants, projected to 
increase, as shown in Figure A9, and is locked in to dealing with increasing 
pressures from nuclear waste in the near future (DEFRA 2002b). 
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Marine Pressures from land-based activities 
The discharges to the Irish Sea were collated from Annexes 5 and 11 of the 
OSPAR Data Report on the Comprehensive Study of the Riverine Inputs and 
Direct Discharges (RID) in 2001 (OSPAR 2001). 
. Table A10 shows the quantities 
of discharges to sea from rivers and direct discharge pipes. These were selected 
with from the map of PARCOM sampling areas in the Celtic Seas shown in Figure 
A10 (CEFAS 1998). These figures are for discharges measured or estimated at 
the coast. They are higher than those of the EPER database, the differences 
possibly due to diffuse pollution adding to the riverine load, and unreported 
emissions from smaller installations. 
The industrial North West of England is again the greatest source of inputs, 
reflecting the high proportion of river flow from this area and the concentration of 
land based activities, particularly the chemical industry. The high level of nutrient 
discharges from Northern Ireland is striking, but this is an area of high population 
density, and perhaps inadequate sewage treatment facilities (Friends of the Earth 
2005). 
Historical changes in these pressures are not well documented, since there has 
been very little consistent monitoring of discharges. The OPAR dataset covers 12 
years and 13 parameters at best, and there are many gaps. A recent review of 
these data, the Detailed Assessment of Inputs to the Celtic Seas (OSPAR 2005) 
found most contaminants at levels above long term targets. The data quality was 
found too poor to derive results of statistical significance for the apparent 
downward trends for Irish Sea nitrogen, mercury and lead (OSPAR 2005, 
Appendix 3), although declines in cadmium and total phosphorous were accepted. 
The same review found increases in mercury in biota in Morecambe Bay (OSPAR 
2005, Appendix 15). 
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Shipping and Fisheries 
Shipping, although driven by population, industry and energy, is itself a driver of 
pressures in the marine ecosystem. To explore this pressure, port tonnages for 
UK and Ireland Irish Sea Ports were collated and mapped as described in Chapter 
4. The attribute table developed is shown in Table Al and the changes in port 
tonnages are shown in Figure Al 1. These increases are expected to continue. 
Dublin forms a regional gateway and the EU transport strategy reinforces this, 
aiming to develop the Liverpool-Dublin shipping route as part of a transport 
corridor from Europe via the M62 to Ireland the Ireland/UK/Benelux road axis, 
(Transport Policy Research Institute 2001; INTERREG IIIB Programme 2005). 
Although ship sizes are expected to increase globally, the DTLR points out that 
some of these large ships may ultimately bypass the UK if port facilities are not 
improved: 
`All commentators expect growth in containers moved at UK ports to 
continue at rates well above UK GDP growth. Shipping lines will continue to 
serve UK imports and exports by direct calls, but there is more uncertainty 
about future levels of transhipment through UK ports. Competition for 
transhipment traffic from new and existing facilities on the Continent is likely 
to be intense'. (DTLR 2003) 
Fishing ports were also mapped in Chapter 4. Fish landings at Irish Sea ports for 
2001 are shown in Figure A12. Fisheries in the Irish Sea have suffered a well 
documented decline, (MAFF 1994; Starkey et al. 2000), although there has been a 
minor resurgence in localised, inshore fisheries. Recent increases in vessel 
numbers in Wales, from 378 in 1971 to 406 1991 (National Statistics 2006), and 
landing increases at Milford Haven are attributed to policy failures prompting 
increased efficiency. (Starkey et al. 2000). However, historically there has been a 
long term decline in UK fisheries employment, from 42.036 men and boys and 
9,799 vessels in England ands Wales in 1909, to 11,559 persons and 7,017 
vessels (MAFF 1921; Marine Fisheries Agency 2005). Prior to 1994, only national 
level statistics are available. 
This might appear to indicate a reduction in pressures, since fishing mortality has 
fallen. However, the reduced levels of fish stocks, and increased efficiency of 
target and capture equipment argue for an increase in pressure, with more 
fishermen chasing fewer fish, despite the overall drop in numbers. 
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Table A10 Shipping port tonnages from GIS Attribute tables 
OID Id Port Name kT2001 
01 Milford Haven 33,791 Total UK 
12 Fish guard 341 115 938 
23 Holyhead 3,228 , 
34 Mostyn 309 
46 Liverpool 30,288 
57 Garston 462 
68 Manchester 7,879 
79 Fleetwood 1,607 
8 10 Lancaster 117 
9 11 Heysham 3,823 
10 12 Barrow 225 
11 13 Workington 418 
12 14 Siloth 140 
13 15 Stranraer 1,404 
14 16 Cairn an 2,014 
15 17 Ayr 273 
16 18 Clyde inc Ardrossan 11,068 
17 34 Wallasey 149 
18 0 Warren point 1,480 
19 0 Belfast 13,402 
20 0 Larne 3,520 
21 0 Arklow Port 85 Total Ireland 
22 0 Drogheda 1,252 23,049 
23 0 Dublin 15,782 
24 0 Dundalk 304 
25 0 Dun Laoghaire 184 
26 0 Greenore 310 
27 0 New Ross 1,013 
28 0 Waterford 1,958 
29 0 Wicklow 171 
30 0 Rosslare 1,990 
TOTAL 138,987 
Source: DTI and CSO Ireland 
Ireland Irish Sea Ports, total goods handled 
1984 - 2001. Source: CSO Ireland 
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Total Fish Landings at Irish Sea Ports, 2001, in tonnes. 
Source: FSU, DEFRA, CSO 
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Irish Sea Passengers Carried 1957-2004. 
Source: DFT Maritime Statistics 
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Figure A13 Ferry traffic 
The Irish Sea is an important passenger route, with many social links between 
Ireland and the UK, as well as a thriving tourist industry in Ireland. Although there 
are many cheap flights across the Irish Sea, which perhaps explains the drop in 
passenger numbers since 1998, there has still been an increase in traffic since the 
1970s, shown in Figure A13. Ferries are also larger, travel faster and have deeper 
draughts, a trend which hi s likely to continue as sea transport is both more 
sustainable and more cost efficient (Transmodal 2006) This means pressures 
from disturbance, dredging and dumping of dredged spoil are likely to increase. 
However, ship emissions, both marine and airborne are already the subject of 
concern a focus for legislation (OSPAR 1992; Entec UK Limited 2002). 
A1.3 The pressure - state change interface 
It is difficult to determine what constitutes the difference between a pressure and a 
state change. The construction of drilling rigs, wind turbines, pipelines and cables, 
illustrated in figure A14. While these cause pressures, they also introduce change 
into the marine system, and are therefore a state change. 
While increasing shipping leads to pressures, the continued presence of ships 
creating noise and disturbance, can also be considered a state change in itself. 
Similarly, the introduction of anthropogenic contaminants is both a pressure and, if 
those contaminants persist in the ecosystem, a state change. 
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Legally Permitted Activities within the Irish Sea 
A1.4 State Changes 
It was not possible to map changes in marine habitats or species distribution as 
existing data are too sparse. Species records are not searchable for the Irish Sea 
nor do they provide representative coverage or evidence of historical changes in 
range or population numbers. The Irish Sea Pilot project commissioned the first 
map of marine landscapes for the area (Tyler-Walters et al., 2003), and they stress 
the uneven nature of the data coverage, basing their map largely on geological 
mapping.. A review of the literature was therefore conducted to explore marine 
state changes 
Once discharged in to rivers, estuaries or the sea, the fate of contaminants in the 
Irish Sea is dependent on a multitude of factors. These range from the type of 
contaminant, whether it is in solution or suspension, the size of the particles, and 
the strength of flow, salinity and temperature of the receiving waters. Circulation 
patterns and marine biota affect when and how contaminants will settle, whether 
they becomes locked away in sediments, re-suspended due to water movements 
or bioturbation, or enter the food web via sediment dependent biota. Since this 
research does not take a mechanistic approach to modelling the Irish Sea, data on 
inputs and in-situ contaminants was used to show these state changes. 
Radionuclides 
Irish Sea has also been described as `the most radioactive sea in the world' 
(Greenpeace International 2002). Again, while the generation and storage of 
nuclear waste could be considered a pressure, whatever the consequences of 
long term waste storage accidents and leakages, the presence of concentrations 
of radio-nuclides in itself means an ecosystem state change has already occurred. 
Radionuclides originating from Sellafield are found in the Irish Sea and beyond, 
although at levels `well below national and international limits in all parts of the 
UK'(CEFAS 2003). A continuing state change to radioactivity levels well above 
natural background levels is indicated, despite the gradual predicted drop in 
radionuclide concentrations in the long term (Mitchell P I. et al. 1998) 
Nuclear waste requiring storage is expected to continue to increase as more 
nuclear energy generation plants are decommissioned. (Electrowatt-Ekono [UK] 
Ltd 2002). The development of new nuclear power plants, driven by the need to 
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reduce CO2 levels, may increase this state change, particularly as there are no 
present technological solutions to this long-term technology-related problem. 
Metals 
A legacy of contamination can be found in estuaries around the major population 
centres of Dublin, Belfast, Glasgow and the Liverpool/Manchester conurbation 
(Johnston P A. et al., 2003). Leah et al (1991) note that mercury contamination in 
fish for example, can be observed `with declining concentrations relating to their 
distance from the Mersey Estuary. ' These estuaries are all frequently dredged to 
facilitate shipping, and the dumped spoil aid in re-suspension and contaminant 
movement. Abandoned mines in mid-Wales, Cumbria and the Avoca, the most 
severely polluted river in Ireland (Department of Communications Marine and 
Natural Resources 2004), have left legacies of acid mine drainage and heavy 
metals. The riverine input of copper and zinc to the Irish Sea from Anglesey mines 
alone was reported as over twice that from the 'Mersey, Dee, Conwy, Ribble, 
Wyre and Duddon rivers' (Environment Agency 2002). Another legacy is the 
largely unmonitored disposal of munitions in the Beaufort Deep (Harrison 1998; 
Stevenson S. 2001; Doyle 2004; Fisheries Research Services 2004). Exact 
locations and quantities are not known but the Ministry of Defence estimate that: 
`a million tons of conventional munitions ranging from small arms 
ammunition to heavy aircraft bombs were dumped there. It is also known 
that some 14,000 tons of shells containing phosgene were dumped into the 
Dyke. After the 1940s, disposals to Beaufort's Dyke continued on a much 
smaller scale until the 1970s'. (Bowles 2006). 
Anecdotal evidence from fishermen suggests that some at least of these loads 
were not delivered much further than out of sight of the coast: 
`Seamen who sailed on dumping expeditions in the 1940s confirmed that in 
poor weather, the ships discharged their cargoes (sic) no more than a few 
hundred metres offshore'. (Harrison 1998) 
Persistent Organic Pollutants 
Other contaminants discharged from land based activities are the increasing 
numbers of synthetic chemicals produced and used both globally and 
in the Irish 
Sea ecosystem. Many of these new chemicals are the subject of concern 
due to 
the long term impact they can have through their persistence and tendency to 
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bioaccumulate, particularly in body fats. Collectively known as persistent organic 
pollutants, or POPs, these substances include organochlorines such as HCHs, 
dioxins, furans, PCBs, and DDT. Many are possible endocrine disruptors, 
mimicking, enhancing or inhibiting the actions of hormones, and are suspected of 
interfering with growth and reproduction in plants, animals and humans. Levels of 
these contaminants appear to be increasing in marine sediments, although levels 
are so low as not to be considered significant (NMP 1998), although 
bioaccumulation can magnify their concentrations. 
Ridgeway et al (2002). found considerable environmental mobility of POPs in the 
Mersey estuary, depending on their levels of reactivity, water movements and 
sediment size. Fox et a/ (2001), measured levels of ZDDT, the FICES7 group of 
PCBs 13 , HCB and HCH in salt marsh cores in the estuary. Results showed a drop 
in concentrations of all contaminants except dieldrin, where the results were 
inconclusive. However, concentrations remain above pre-industrial levels, and the 
marshes were found to act as a reservoir for ZDDT and ZPCB (ICES7). 
Many POPs are found in the marine environment: beneath shipping lanes 
(EDMAR 1999), in estuaries including the Mersey and the Clyde, (Matthiessen et 
a/., 2002), in rivers (Allchin et al. 1999; EDMAR 1999; Kirby et al., 2003). Both 
industrial and urban sources of endocrine disruptors have been identified, and 
even tertiary wastewater treatment fails to remove them from wastewater 
(Routledge et al., 1998; Johnson et al., 2000; Darbre 2004). In addition, human 
sewage concentrates not only human hormones which can have endocrine 
disrupting effects (EDMAR 1999), but also medicines and pharmaceuticals (SEPA 
1999; Pedersen et al., 2005), again leading to state changes in the ecosystem with 
unknown effects (EDMAR 1999). In the marine environment their persistence 
makes them available for re-suspension and movement into the food chain over a 
long time period. Coastal habitats in particular are rich in nutrients and wildlife and 
form a fundamental part of extensive food webs, through which contaminants are 
able to bio-accumulate. Little is known for certain about the ecosystem effects of 
these substances, either alone or in synergy, but their cumulative presence in the 
marine ecosystem is the cause of concern among some scientists, and the 
public(Pesticides Action Network 2001). 
13 I The many varieties of PCB are measured in different sets. 
Fox suggests the ICES 7 set was the most 
appropriate for his study, because it includes the most 
heavily chlorinated, and therefore persistent, 
congeners, PCB 138,153 and 180. 269 
Habitats 
The coastal and estuarine environment has been the focus of much concern and 
is therefore relatively well documented. Ports and shipping pressures lead to state 
changes through noise and disturbance. Dredging and dumping of spoil 
continues, and the shipping and ferry traffic which cause this pressure, are 
increasing. The tendency towards larger ships may led to more widespread state 
changes such as continual noise, and the concentration of shipping in fewer, 
larger ports, may intensify and expand the impact area around estuaries. 
Matthiessen and Law (Matthiessen et al. 2002) describe the `gross organic 
pollution' from sewage which was common in estuaries such as the Mersey and 
Clyde at the beginning of the20th Century. Dublin Bay too has been subject to 
excess nutrient loading` for almost a century'(O'Higgins et al., 2005). Estuarine 
areas such as Liverpool and Dublin Bay, Belfast Lough and the Clyde remain 
nutrient enriched, and a possible cause for concern (Gowen et al. 2000; Evans et 
a/., 2003a; Kennington et al. 2003). Nutrient concentrations in the central waters 
of the central Irish Sea doubled between 1960 and 1990, remaining high since 
then (Hartnoll R et al., 2002). The main long term datasets available for the Irish 
Sea were reviewed in a recent report to DEFRA. The long term changes in the 
last 40 years are summarised as follows: 
`a large increase in nitrate and phosphate, coincident with a marked rise in 
primary production. P 
'an increase in sea temperature of around 1 °C' 
`large scale differences in the timing and duration of the spring and autumn 
phytoplankton blooms at different locations. ' (Evans et al., 2003b), 
A clear difference was found between the deeper, more saline, western side of the 
Irish Sea with lower, although elevated nutrient levels, and the nutrient enriched 
eastern side, a shallow area with a large freshwater and anthropogenic nutrient 
input. Although nutrient concentrations overall rose from the 1960s to 1980s, and 
declined in the 1990s (Allen et al., 1998; Evans et al. 2003a), there was a marked 
decline in the Menai Strait monitoring area, and a sustained rise at the Isle of Man 
Cypris Station.. The causes of these changes are not clear. Hartnoll (2002), citing 
OSPAR figures, points out that the major source of nutrients for the Irish Sea is the 
enriched Atlantic water entering from the south, estimated 
to be 3 orders of 
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magnitude higher than direct riverine inputs, and that there is little evidence that 
riverine loads have increased since the 1970s. There is some suggestion of 
changes in circulation patterns but these authors, along with others, (Simpson et 
a/., 1998; Hartnoll R et al. 2002) stress the uncertainty resulting from the paucity of 
data, and the need for caution in interpretation. 
Additional evidence of historical state change is found in sediment cores from salt 
marshes in the Northwest of England, where the radionuclides discharged from 
the Sellafield area enable high confidence in dating. Fox et al (1999) found that 
sites in the Mersey estuary provided a robust historical record of contaminant 
deposition levels in this area, which rose in response to the development of the e 
chemical industry in the 19th and first half of the 20th century, and fell again in the 
last decades of the 20th century, with the introduction of legislation and technology 
to reduce emissions. Fox et al (1999) note that contaminants in sediments are 
effectively locked away, with salt marshes providing a `reservoir' of contaminants 
(Fox et al. 2001) although they do not speculate on how a rise in sea level may 
change this. 
Populations and Species 
Although evidence of the multiple anthropogenic stresses on Irish Sea habitats 
has been described above, the consequences for populations and species are 
difficult to define. However, some changes have already been noted. Examples 
of endocrine disruption are found in the high percentages of hermaphroditic fish 
found down stream from sewage treatment works (Kirby et al. 2003) or in the case 
of tributyltin, imposex in the dog whelk, Nucella lapillus, (MARLIN 2005),. It is 
thought by some that the increasing number and predominance of these 
substances may also affect human fertility (Carson R 1962; Colborn T et al., 
1996). 
Signs of population and species changes in the Irish Sea are: a 'general increase 
in phytoplankton levels' (Allen et al. 1998; Hartnoll R et al. 2002; Kennington et al. 
2003). Hartnoll in addition describes nuisance algal blooms as occurring regularly 
in the Irish Sea, although again finds the data too incomplete to show a trend. 
Further, albeit faint, evidence for a possible state change is provided by the HAE- 
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DAT database and maps (Ifremer 2004) of occurrences of harmful algal blooms. 
There were 19 harmful algal blooms reported in the Irish Sea and West Coast of 
Scotland for the period 1990 - 1999,3 of which were not directly monitored. Of the 
remaining 16,10 were of a seafood toxin and 3 led to observed `plant or animal 
mortality'. Nine of the 16 monitored blooms were reported to have been first 
occurrences, perhaps showing an increase in frequency, although again data is 
sparse. The maps show most of these blooms occurred on the west coast of 
Scotland. Of those in the Irish Sea, between 6 and 10 were diarrheic shellfish 
poisoning (DSP), attributable to Dinophysis sp., and 2 were amnesiac shellfish 
poisoning (ASP) attributable to Pseudo-nitzschia sp (Anderson 2006), all 
occurring around the Firth of Clyde. 
Several recent studies(Gowen et al., 1997; Nash et al. 2004; Reid et al. 2004) 
have focused on the relative abundance of the zooplankton species Calanus 
finmarchicus (Gunnerus) and Calanus helgolandicus (Claus). These copepods 
are of interest because C. finmarchicus, unlike C helgolandicus, is an important 
food source for young cod, haddock and whiting (gadoids), and appears to have 
been replaced by C helgolandicus in the North Sea (Beaugrand et al., 2003). 
relative abundance of the two species is similar to relative abundance recorded at 
the start of the 20th century by Herdman (1918), and Johnstone, (1924). 
Changes in the populations of commercial fish species in the Irish Sea are again 
well documented. Cod biomass, though far lower than that of the North Sea, has 
fallen from 150,000 tonnes in 1973 to below 20,000 in 1999 (Scottish Natural 
Heritage 2004) and stocks are considered, along with whiting and sole, to be 
outside safe biological limits (CEFAS 2004). Nephrops norvegicus, the Dublin Bay 
prawn, is a commercially important species, considered to be sustainably exploited 
at present (Vincent et al. 2004), and the herring stock appears to have recovered 
from its 1970s collapse (JNCC 2005b). However the JNCC also notes several 
negative changes related to fisheries: longer lived species such as the common 
skate, long nosed skate and angel shark 'have all but disappeared from the Irish 
sea. '(Vincent et al. 2004); dredging has led to loss of benthic diversity and 
community changes as disturbances increase; and discards, especially of juvenile 
fish, reach levels of 60% in the nephrops fishery (Ellis et al., 2002; JNCC 2005b). 
Cetacean numbers have declined since the beginning of the century in the wider 
Atlantic area (ICES 2001), and strandings are thought to have increased 
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(Simmonds et a!., 2003). Bycatch, contaminants, noise and plastic litter are all 
thought to be contributing factors to this decline (ICES 2000; Simmonds et a!. 
2003; Berrow S 2004; Ross et a!., 2004; WWF-UK 2005) Noise is thought to 
particularly affect cetaceans, which rely on aural signals for orientation and 
navigation(Simmonds et a!. 2003). A recent report found levels of 
hexabromocyclododecane (HBCD), in harbour porpoises and common dolphins in 
the Irish Sea were found to be five times higher than other monitored sites in 
Europe Berrow (2004). There was `some level of organochlorine contamination' in 
all animals analysed, and additional elevated levels of Cs-137 in Irish Sea harbour 
porpoises. This indicates the pervasive nature of such state changes. 
Seal populations are vulnerable to oil pollution, bioaccumulation of contaminants, 
bycatch and fish stock depletion (Kiely et al., 2000), as well as habitat loss. 
Comparing the recently published results from the Seabird Survey of 2000 with 
previous surveys most species are increasing in numbers, although Roseate tern 
numbers have declined by 94% and the herring gull by 53%, since 1969-70 
(Poyser et al., 2005). However, the year 2004 was noted by the JNCC as the 
worst year on record for seabirds (JNCC 2005a), with breeding failures attributed 
to possible lack of food, in turn attributable to possible sea temperature changes, 
in the northern isles of the UK. 
Alien and invasive species, from algae to macro-fauna have been introduced 
through global trade, shipping and ballast water, either accidentally or in some 
cases commercial exploitation. The mariculture of the Pacific oyster, Crassostrea 
gigas,. has brought with it the American oyster drill Urosalpinx cinerea which is also 
a predator of the native oyster (Marrs 2005). While many alien species do not 
survive, when they do, they can cause ecosystem change by parasitism as in the 
case of the eel parasite, Angullicola crassa, by the introduction of disease or 
toxicity like the harmful alga Gyrodinium sp first found in Ireland in 1976 (Stokes et 
a/., 2004) or by out-competing native species for resources as do the zebra 
mussel Dreissena polymorph, or the alga Sargassum muticum (Marrs 2005). 
Regime Change 
273 
Finally, mention must be made of an issue which is becoming increasingly 
prominent as evidence for its occurrence accrues: marine climate change. There 
are indications that spring blooms of algae and zooplankton, a fundamental part of 
the marine food web, are occurring both later and for shorter time periods (Evans 
et al. 2003a), (Williams, P, J Le B, Pers. comm., 2004). In addition, the British 
Isles are at the extreme southern range for many northern species, and at the 
northern range of many southern species. Increasing numbers of species are 
being recorded beyond the limits of what was thought to be their northern range, 
and fewer northern species are being found indicating a change in conditions 
(Hiscock et al., 2005), and perhaps indicating that we are indeed heading for a 
regime change. 
A1.5 Impacts and Responses 
The links between the Irish Sea and the human system are undocumented by 
national statistics. The Irish Sea Pilot Project may be the first attempt to document 
such links, by identifying the annual economic contribution of the entire Irish Sea 
at £6 billion (Vincent et al. 2004), around 0.6% of the £1,044 trillion value of the 
total UK economy in 200314 (ESRC 2005). The EEA core set of indicators EEA, 
2005), based on the DPSIR framework are shown below. 
14 The definitions used, checked using other ESRC data, were billion =109 trillion =1012 
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Table A11 EEA DPSIR Indicators 
Theme CSI Indicator title DPSIR 
Air pollution and 
letion z ne de 
1 Emissions of acidifying substances P 
p o o 2 Emissions of ozone precursors P 
3 Emissions of primary particulates and 
secondary particulate precursors 
P 
4 Exceedance of air quality limit values in 
urban areas 
I 
5 Exposure of ecosystems to acidification, 
eutro hication and ozone 
P 
6 Consumption of ozone-depleting substances 
Biodiversity 7 Threatened and protected species S 
8 Designated areas R 
9 Species diversity S/I 
Climate change 10 Greenhouse gas emissions and removals P 
11 Projections of greenhouse gas emissions 
and removals and policies and measures 
P 
12 Global and European temperature S 
13 Atmospheric greenhouse gas concentrations S 
Terrestrial 14 Land take S 
15 Progress in management of contaminated 
sites 
R 
Waste 16 Municipal waste generation P(1.5) 
17 Generation and recycling of packaging 
waste 
R(0.5) 
Water 18 Use of freshwater resources P 
19 Oxygen-consuming substances in rivers S 
20 Nutrients in freshwater S 
21 Nutrients in transitional, coastal and marine 
waters 
S 
22 Bathing water quality S 
23 Chlorophyll in transitional, coastal and 
marine waters 
S 
24 Urban wastewater treatment R 
Agriculture 25 Gross nutrient balance S 
26 Area under organic farming R 
Energy 27 Final energy consumption D 
28 Total energy intensity D 
29 Total energy consumption D 
30 Renewable energy consumption R 
31 Renewable electricity R 
Fisheries 32 Status of marine fish stocks S 
33 Aquaculture production D 
34 Fishing fleet capacity D 
Transport 35 Passenger transport demand D 
36 Frei ht transport demand D 
37 Use of cleaner and alternative fuels R 
Source: (EEA 2005) 
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When meat is not murder Would you eat steak if it had been grown 
na petri dish? Ian Sample, science correspondent. Saturday August 13,2005 
It is the ultimate conundrum for vegetarians who think that meat is murder: a revolution in 
processed food that will see fresh meat grown from animal cells without a single cow, sheep or pig 
being killed. Researchers have published details in a biotechnology journal describing a new 
technique which they hailed as the answer to the world's food shortage. Lumps of meat would be 
cultured in laboratory vats rather than carved from livestock reared on a farm. 
itists have adapted the cutting-edge medical technique of tissue engineering, where individual 
are multiplied into whole tissues, and applied them to food production. 'With a single cell, you 
theoretically produce the world's annual meat supply, " said Jason Matheny, an agricultural 
tist at the University of Maryland. 
ccording to researchers, meat grown in laboratories would be more environmentally friendly and 
)uld be tailored to be healthier than farm-reared meat by controlling its nutrient content and 
, reening it for food-borne diseases. Vegetarians might also be tempted because the cells needed 
grow chunks of meat can be taken without harming the donor animal. Experiments for Nasa, the 
S space agency, have already shown that morsels of edible fish can be grown in petri dishes, 
sough no one has yet eaten the food. 
Ir Matheny and his colleagues have taken the prospect of "cultured meat" a step further by 
rorking out how to produce it on an industrial scale. They envisage muscle cells growing on huge 
heets that would be regularly stretched to exercise the cells as they grow. Once enough cells had 
rown, they would be scraped off and shaped into processed meat products such as chicken 
uggets. 
If you didn't stretch them, you would be eating mush, " said Mr Matheny. 
The idea of doing away with traditional livestock and growing steaks from scratch dates back at 
least 70 years. In a horizon-scanning essay from 1932, Winston Churchill said: "Fifty years hence 
we shall escape the absurdity of growing a whole chicken in order to eat the breast or wing by 
growing these parts separately under a suitable medium. " Several decades too late, Churchill's 
vision finally looks set to become a reality. 
b-raised steaks will be off the menu for some time though. Scientists believe that while tissue 
gineering is advanced enough to grow bland, homogeneous meat, tasty and textured cuts will 
ve to wait. "Right now, it would be possible to produce something like spam at an incredibly high 
st, but the know-how to grow something that has structure, such as a steak, is a long way off, " 
id Mr Matheny. 
terry Bennett, of the Vegetarian Society, said: "This is certainly an interesting development, and 
ne that is bound to prompt many different responses from individual vegetarians - largely 
epending on why those individuals have chosen vegetarianism. "The Vegetarian Society is 
oncerned that while this has the potential to decrease the number of meat-producing animals in 
ictory farms, there are still a number of question marks regarding the origins of the cells and the 
iethod of harvesting. "It won't appeal to someone who gave up meat because they think it's 
iorally wrong to eat flesh or someone who doesn't want to eat anything unnatural, " Ms Bennett 
dded. "Personally I wouldn't want to, but I suppose if they're going to make chicken nuggets with 
then it's probably not going to taste much different. " 
Guardian Unlimited © Guardian Newspapers Limited 2005 
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Floating Houses 
thought of buying a house you could 
with you? 
gnising the growing scarcity of building 
id in the Netherlands, a Dutch 
ruction company has started building 
ýs on water. The houses, made of wood 
ghtweight aluminium, are linked to each 
by walkways but can be detached from 
irrounding neighbourhood and 
dually moved by tugboats. 
The company Ooms 
Bouwmaatschappij has 
built the first eight of the 
planned 500 floating 
houses on the outskirts 
of Amsterdam, capital of 
the worlds third most 
densely populated country. The houses are 
designed to withstand gales and can be 
located up to 100 metres from the shore. 
lit r' ý- _ý 
A Dutch academic is taking this idea further 
and has been searching for ways to colonise 
the sea. Frits Schoute, a former professor at 
= Delft University, is working on a stabilising 
platform that allows communities to live in 
the middle of oceans, unaffected by waves. 
"We are working on solutions for stabilising a 
i `ý ý" platform and making some kind of barrier 
enturies the Netherlands has fought 
st invading water with land fills, dams 
ykes. But the philosophy is changing in 
ake of global warming, blamed for the 
-rise in sea-level over the last century. 
d of driving out the water, the Dutch is 
to live on it. And since we are getting 
and more rain, we are having more and 
water in this country which is fifty 
, nt below the sea level as you know, and 
have developed this concept of building 
es on the water, Ooms 
rmaatschappijs marketing director, 
ert van der Woerdt told Reuters. 
around it, such that it is ultimately 
comfortable to live on the sea". 
E 
ý`-. ý 'sue 
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ý. 
Businesses In 
reland > Gas 
Corrib 
The Corrib Gas project is one of the most exciting infrastructure projects 
ever to be undertaken in Ireland. 
The Corrib gas discovery was successfully appraised in 1998, confirmed 
as having significant reserves in 1999 and declared commercial in 2001 
and the field will go into production in 2007. The significance of the Corrib 
field is that it is only the second major indigenous gas discovery offshore 
Ireland and will be coming on stream as the Kinsale field's contribution to 
Irish energy needs is reduced. 
The Corrib co-venturers are; 
Enterprise Energy Ireland (operator) 45% 
Statoil Exploration (Ireland) Ltd 36.5% 
Marathon International Petroleum Hibernia Ltd18.5 % 
The project requires an investment of over ¬ 840 million in order to bring 
the full benefits of the Corrib gas find to the Irish economy. 
The Corrib gas field is a 230 million year-old reservoir, located 
approximately 70 kilometres off the Mullet peninsula in Co Mayo, Ireland. 
The reservoir is 11,500 feet under the seabed and the gas field, when 
developed, will be produced over a period of between 15 and 20 years. 
The field was discovered in 1996, and was the first significant find 
offshore Ireland since Kinsale Head in 1971. 
The gas in the Corrib field is quite similar to the natural gas that has been 
produced from the Kinsale Head gas field off the coast of County Cork 
since 1978. It is a very clean, natural fuel and is composed mainly of 
methane, the lightest hydrocarbon gas, with small quantities of 
ethane and nitrogen. 
The natural gas will be produced from a number of wells, which are drilled 
from the seabed into the gas reservoir. The gas will then flow through a 
pipeline to the reception terminal at Bellanaboy Bridge. There, the gas will 
be prepared for onward distribution and sale to domestic and commercial 
users. 
Last modified 12/05/2005 
Copyright © Statoil 
Source: http: //www. statoil. ie/statoilie/svg02976. nsf/O/l A7D9027ADOB856 
180256C53003F8272? OpenDocument 
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http: //www. bbc. co. uk/worldservice/people/features/world_lectures/ashrawi lect. shtml 
äG 
1" Dr Hanan Ashrawi 
Humanizing Globalisation? 
"Democracy Matters" Dr Hanan Ashrawi, founder and Secretary General, 
Palestinian Initiative for the Promotion of Global Dialogue and Democracy 
(MIFTAH). 
Dr Ashrawi argues that the time has come for the world to move beyond 
the concept of national sovereignty. Sovereignty constrains: for the 
powerful state, it often means the power to disenfranchise other peoples. 
And in many of the world's weaker states, it gives us governments that 
believe they own their land and their people, to do with as they choose. 
The world will always be run by self-interest. But a narrow concept of 
sovereignty means that self interest can never become benign, global, 
collective self-interest. 
Global institutions, particularly the United Nations, are built on national 
sovereignty. Inevitably, they become subject to the most powerful state or 
alliance of states. The permanent Security Council reflects this reality. But 
globalization is challenging this order. Yes, globalization can enhance the 
power of the powerful, like the western mega corporations. But it also 
creates new ways for individuals and groups to communicate, to act 
together, to participate in decisionmaking and to challenge governments. 
The Palestinians are a case in point. Half the Palestinian population are 
exiles, but global communications are recreating this community. 
Practically, how could the world move beyond narrow sovereignty? One 
vital institution of the new order would be the International Criminal Court. 
We need to establish that there are standards of justice that apply to 
everybody, and that it is wrong for states to value their own citizens above 
other human beings. And we need practical solutions that are not politically 
absolutist, or religiously fundamentalist. Take the dispute over the status of 
Jerusalem, claimed by both the Palestinians and by Israel. Why should 
Jerusalem not become the capital of both states, controlled and owned by 
neither? That would be an example of how in challenging the established 
world order, we could transform reality for the better. 
Lei ý- 
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CORPWATCH 
Hodinq Corporations Accountable 
www. corpwatch. org 
Grassroots Globalization 
Globalization does not only happen from above. Public opposition to corporate-led globalization is on the rise 
worldwide. Grassroots movements and communities around the world are increasingly working together to 
stem the tide of corporate-led globalization. At CorpWatch, that's what we mean when we refer to "grassroots 
globalization. " 
In 1999 more than 50,000 people took to the streets in Seattle in overwhelmingly non-violent protests against 
the WTO, effectively shutting it down for a day. These protests, combined with a strong stance by developing 
nations, caused the WTO talks to collapse. 
During 2000 and into 2001, Seattle inspired protests brought people into the streets to demonstrate against 
the other institutions that form globalization's infrastructure: The World Bank, the IMF, and the World 
Economic Forum. These protests took place in such far flung places as Brazil, the Czech Republic, India, 
Switzerland, Thailand and Washington DC. 
These demonstrations represent a coming of age and coming together of a series of broad and diverse social 
movements that are pressing for balancing power away from corporations toward a new, more democratic and 
accountable political process. These movements are made up of trade unionists and scientists, peasants and 
small farmers, community leaders, lawyers and politicians, student activists, parents and teachers, religious 
leaders, small business owners and environmentalists, among others. And they are organizing locally, 
nationally, and increasingly, on an international level. This explosion of activism by a plethora of organizations, 
communities and networks reaching across borders, forms the vibrant web that is grassroots globalization. 
People are demanding greater participation in decision making at all levels -- including mechanisms to exert 
more democratic control over the transnational corporations whose activities are at the root of so many 
problems. Some are even questioning the right of a corporation to operate in their community. Others are 
beginning to ask whether a company that has repeatedly broken the law, poisoning people and their land, 
should be severely punished or even dismantled. Many are seeking alternative forms of economic 
development. Increasingly they are coming together to challenge the institutions of corporate globalization 
such as the WTO. Although these incipient forces of grassroots globalization are not yet nearly strong enough 
to check corporate globalization head on, they have raised the public's consciousness on a global scale. They 
have also triggered many important changes and set forth a series of challenges that contain the seeds of an 
effort that could reverse the trends of corporate globalization. 
  Joshua Karliner, Corp Watch 
hftp: //www. corpwatch. org/article. php? list=type&type=1 05 
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irtricty: Renewables in Ireland 
yoto Protocol 
In November 1997, at the UN Climate 
Change Conference in Kyoto the EU 
committed itself to an 8% reduction in 
missions of a basket of six greenhouse 
gases. The EU target is to reduce 
emissions by 8% below 1990 emission 
levels in the period 2008 - 2012. In a 
subsequent burden sharing agreement 
between EU Member States, Ireland 
was allowed to increase its emissions 
by 13% above its 1990 emissions in the 
target period (2008 - 2012). This 
concession was only possible because 
other EU Member States agreed to 
achieve reductions of greater than the 
8% on their emissions. 
Due to recent high economic growth in 
Ireland our Kyoto ceiling has already 
been reached. 
recent reports show that Ireland is now 
Imost 40% above the 1990 level and that the Irish government is expected to 
ace fines of up to ¬10 billion over the next ten years. Economist Dr Peter Bacon 
redicts EU fines of ¬1,450 million in 2008, rising to ¬4,304 million in 2012. 
URCE: http: //www. airtricity. com/opencontent/default. asp? itemid=287&section=ENVIRONMENT 
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REUTERS 
Doctors gear up for bird flu pandemic 
From: Reuters 
Friday, 19 August, 2005 
LONDON (Reuters) - Doctors' surgeries across the country will receive instructions 
next month to prepare for a feared pandemic of bird flu amid concerns the deadly 
disease could spread across Europe. 
nformation packs will include a 50-page technical guide to help doctors identify cases 
ºf bird flu and guidelines on containing an outbreak of the virus that has killed more 
han 50 people in Southeast Asia since 2003. 
The packs, which will also contain leaflets for the public, form part of the 
government's planned response to a potential flu pandemic as agreed with the World 
Health Organisation. 
"The timing of the distribution reflects the production cycle and does not signify a 
heightened state of alert, " said the Department of Health in a statement on Friday. 
The department said there had been no cases of human-to-human transmission of 
bird flu, which would signal the start of a pandemic. 
But health authorities fear the virus could spread to Europe following mass bird deaths 
in a Russian region to the west of the Ural mountains this week and as tens of millions 
of birds continue to migrate to warmer climates in coming months. 
ie WHO on Thursday called for tight checks in Russia and Kazakhstan to detect any 
rther bird flu outbreaks among poultry. 
he U. N. agency expressed concern about the "expanding geographical presence" of 
he deadly H5N1 virus beyond Southeast Asia, but said that no human cases had been 
letected in either former Soviet republic. 
The Dutch agriculture ministry on Friday ordered all poultry to be kept indoors from 
Monday to prevent contact with migrating birds that could spread the disease from 
Russia. 
Copyright (2002) Reuters. 
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000 NEWS Eco-designs on future cities 
By Jo Twist 
BBC News science and technology reporter 
Imagining what our cities will look like in the future has long been a favourite pastime of the Hollywood movie industry. 
On the whole we are presented with striking images of glass and metallic towering structures, flying cars and technologically smart 
everything. Dystopic pockets of inequality and dirt inhabit the not so shiny bits. Ask a gathering of leading thinkers in the worlds of 
architecture and design, and you get a rather different picture. Some 70 million people a year migrate from the country to cities. That is 
about 130 a minute, says Robert Neuwirth, author of Shadow Cities. Many of these set up home in squats, put together from scarce 
materials, if put together at all. There are a billion squatters in 2005. By 2050, that figure will reach three billion. At this rate, our future 
cities may turn out to be quasi-temporary, low-tech shacks, missing the basics of human life, such as water and electricity, still belching 
out the waste of fuels that warm the globe. "The issue is about neighbourhoods, " Mr Neuwirth told delegates at TED (Technology, 
Entertainment and Design) conference in Oxford, UK. "Cities have to engage these residents because they are building the cities of the 
future. " 
View from above Globalisation has done its best to push constant migration deeper into the urban from the rural with the promise of 
work. 
We lay the city out so everyone can move in parks without crossing traffic, 
the buildings have daylight lighting, the university is at the centre, and 
with hi-tech connectivity 
William McDonough, architect 
But cities have failed to cope with it, physically, emotionally or mentally. They cannot sustain the flow and they are not sustainable and 
fair places to live. Visualising globalisation which continues to run rampant across parts of the globe has come a step closer with Google 
Earth. It brings places far from your desk right onto the computer screen with a couple of clicks. "What is amazing is that you really can, 
from your desk, explore the globe, " explains Stefano Boeri, lecturer, author, editor of Domus magazine, and architect. "You can fly 
around then you can get closer to parts you want to see. This website is a combination of the virtual node of thousands of satellite 
images. " Satellite images, he says, are one attempt to visualise, represent and decipher globalisation and its marks on cities. "But what 
we really understand and see when you use satellite images, first of all, is our ambition. " But it is a view from above that is apparently 
objective, he says. It is still a view from a certain distance from the physical environment you attempt to decipherNew city China 
Internationally renowned designer, sustainability architect and author of Cradle to Cradle, William McDonough, argues that we can only 
think of our future cities if we think about what our intention is as a species. The question for designers of what is dubbed the Next City 
is how to love all species all the time. Mr McDonough's ideas for the Next City are about to be played out in China where his company 
has been charged with building seven entirely new cities. His book has been adopted as government policy in China, which needs to 
house 400 million more people in the next 12 years. The cities he has planned are a far cry from Milton Keynes. Everything in his cities 
is designed from the molecule up. They meet the usual requirements for cost, performance, and function. But they also mean business 
when it comes to ecological intelligence and social justice. "The goal is a safe, healthy, just world, clean air, soil and power, that is 
elegantly enjoyed. "In the 70s we saw the hegemony of fossil fuels. So what would be the next design philosophy we would want to 
work with? " He looks at the Next Cities as objects of human artifice. They can grow, they can breathe, and they can be ecologically 
sound, just as trees, forests, and gardens are. They can use energy, expel waste, and reproduce in ways that nature intended without 
destroying everything else around them. "In biology, growth is good. If we could do something where growth is good, that would be a 
way of thinking of a good operating system for design, " he says. 
Waste as energy The images he shows of what he plans look like gardens of Eden. "We lay the city out so everyone can move in parks 
without crossing traffic, the buildings have daylight lighting, the university is at the centre, and with hi-tech connectivity. " The buildings 
and all around it work like biological, growing beings, photosynthesising and producing and re-using their own energy. Waste is energy 
in Mr McDonough's Next City vision; methane is used to cook food. A quarter of the city's cooking will be done with gas from 
sewerage. "The energy systems will be solar energy. China will be largest solar manufacturer 
in the world, " says McDonough. To top 
the Next City in McDonough's thinking, the soil will be moved onto the roofs. The city will be inhabited by species and the top of the 
city will be green. His approach to city design may be the stuff of some people's eco-science 
fiction novel. But it shows that cities can 
change - humans can change the way they do things. 
It may not mean the city is transformed magically into a just city that is a cure-all 
for global warming. But, he says, the Stone Age did not end because humans ran out of stones. 
It ended because it was time for a re- 
think about how we live. 
Story from Bt3C N1. \VS: 
http: //i eN". bbc. co. uk/,, o/pr/i'r/-/I/hi/sci/tech/4682011. stm 
Published: 2005/07/14 10: 00: 13 GM F 
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North Sea cod 'face commercial end' 
Plenty of fish in the sea, but fewer are cod 
By Alex Kirby 
BBC News Online environment correspondent 
North Sea cod are set to follow those off eastern Canada into virtual extinction, a fisheries scientist has told 
BBC News Online. The Grand Banks fishery off Newfoundland collapsed 10 years ago, and the cod have not 
returned. 
Without a suspension of fishing off north-west Europe, scientists 
believe its cod will disappear as well. They insist their estimates are 
not alarmist, with the cod at historically low levels. The International 
Council for the Exploration of the Sea (Ices) is an independent body 
of scientists which advises governments on north-east Atlantic 
fisheries issues. It has told European Union governments that all cod 
fishing in the North and Irish seas, west of Scotland and the 
Skagerrak should be closed. EU fisheries ministers start talks in 
Brussels on 16 December on the crisis. 
Even if you double our 
estimates, the cod are still in a 
very bad way 
Dr Hans Lassen, Ices 
iustive research Ices says the cod stocks are so low there is a serious chance they will collapse if 
ig is not suspended. It believes fishing for other species which swim with the cod - like haddock, 
ng, plaice and prawn - should also be suspended, unless there is proof 
it is not harming the cod. 
Dr Hans Lassen of Ices told BBC News Online: "We estimate there are 30- 
40,000 tonnes of spawning cod in the North Sea. "You need an absolute 
minimum of 70,000 tonnes, and for security you should have about twice that. 
It's nearly 20 years since there were 150,000 tonnes. "Our estimates are 
based on national catch statistics, reports from marine laboratories in the 
member countries, and studies by our own research vessels. "We know that 
nothing in biology is exact, and there's obviously a difference between an 
estimate of this year's stock and the number of fish you may find next year. 
"But the last four years have been about the worst we've ever seen for the 
cod. "We accept a 20-30% margin of error. But even if you double our 
estimates, the cod are still in a very bad way. "North Sea cod mature when 
they're about four years old. The boats are fully exploiting the three-year-olds, 
and the mortality among two-year-old fish is about half. "As things are, these 
fish will follow the Grand Banks cod. When it will happen is a pure guess - but 
happen it will. " spawn 
-prise fall The Fisheries Research Services (FRS) marine laboratory in Aberdeen, UK, says: "The loss of 
,a major 
fish predator, and the depletion of haddock, may have serious knock-on effects on the marine 
system and result in adverse changes to other marine life. " 
The two FRS research vessels spent more than 500 days at sea taking 
samples last year, and FRS observers went on more than 120 commercial 
fishing trips to record total catch rates. FRS also sampled more than 2,200 
separate landings by fishing vessels, and measured more than 450,000 fish. It 
provides data to Ices to help it to formulate its advice on fish stock 
management. Dr Robin Cook, the FRS chief executive, told BBC News Online: 
"The main difference from previous years is that the spawning stock we found 
in the most recent estimate is much lower than we'd thought. 
ontinued decline "Compared with the year before, we have another with a 
ery small production of young fish. "At the moment, it looks as if things 
ren't getting any better for the cod, yet the fishing effort remains very 
high. 
We can't say when they'll become commercially extinct - it could be two 
ears, or three, or five. "The number of fish does fluctuate a 
lot from year to 
ear. But the overall trend is downwards. " 
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Cod are caught before they 
Fishing continues while fish 
vanish 
I 
1: 09 28 June 2005 NewScientist. com news service Rob Edwards 
ing sea levels may destroy nuclear dump 
ging sea levels caused by global warming could destroy the UK's only major nuclear waste dump in as little 
500 years, according to a report by the Environment Agency. That would cause the 1 million cubic metres o 
i-level radioactive waste currently stored at Drigg on the Cumbrian coast to leak, the government watchdog 
ms. The agency adds that such an event would increase the risk of local people contracting cancers by at 
st 100 times. 
Ms point out that other coastal nuclear waste sites, like Rokkashomura in Japan and Lan Yu island in 
an, could face similar risks. Reactor sites next to the sea, including six in India and 13 in the UK, might 
be vulnerable. "Climate change is now an issue that has to be taken into account in siting new facilities, " 
Phil Richardson, an expert on nuclear waste with Enviros Consulting in Leicestershire, UK. "Coastal site 
to be considered a good idea, but rising sea levels are bringing this assessment into question. " 
ndue burdens" 
Environment Agency has launched a public consultation on future developments planned for Drigg by its 
ators, British Nuclear Group (BNG). The company wants to dispose of a further 750,000 cubic metres of 
evel radioactive waste at the site, 6 kilometres south of the Sellafield nuclear plant, before closing it 
nd 2050. 
the agency's report concludes that BNG's safety case "fails to make an adequate or robust 
iment for continued disposals". The agency's main concern is that Drigg, which is on low-lying 
mnd less than 500 metres from the shore, could be flooded and torn apart by the sea "in as little as 
years from now". 
potential for the destruction of the repository by coastal erosion means that the disposal of long- 
low-level waste on the site might be creating undue burdens on future generations, " the report 
udes. 
ar from condoning the burial of more waste, the Environment Agency is urging BNG to investigate 
igging out some of the long-lived wastes already buried at the site, including one isotope - uranium-234 
which has a half-life of 245,000 years. It also wants the company to consider putting thicker caps on 
ie waste and extending the period over which Drigg is actively managed to beyond the planned 150 
term risks 
Present day risks are very low, but the long term risks are high, " the agency's nuclear regulator, Ian 
itreatfield told New Scientist. "It's now for BNG to demonstrate that it has done everything reasonable 
o reduce future impacts from the site. " 
said it is aware of the agency's concerns, and would act on any requirements it imposed in its new 
risation for Drigg, due in early 2006. 
BNG spokesman says: 'We are taking action to further improve our understanding of the behaviour of 
ie coastline near Drigg. Studies since 2002 have shown that the erosion rate is three times slower than 
rst thought and is at the moment actually neutral. " 
estimated in 2002 that the site was at risk of coastal erosion between 500 and 5000 years in the 
. But the 
Environment Agency urges the company to consider whether it could happen even 
;r "given recent developments in understanding of potential climate change". 
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000 NEWS 
Moon colony 'within 20 years' 
By Helen Briggs 
BBC News Online science reporter 
Humans could be living on the Moon within 20 years, says a 
leading lunar scientist. According to Bernard Foing of the European 
Space Agency, the technology will soon exist to set up an outpost for 
visiting astronauts. 
However, political will is needed to inspire the public to support the 
initiative. 
"We believe that technologically it's possible, " the project scientist on 
Europe's first Moon mission, Smart-1, told BBC News Online. "But it will 
depend in the end on the political will to go and establish a human base 
for preparing for colonisation of the Moon or to be used as a refuge for 
the human species. " 
Ion drive The unmanned Smart-1 craft, which is due to be launched in 
early September, is flying to the Moon to demonstrate that Europe has 
the technology for future deep space science missions. Its main form of 
propulsion is an ion engine powered by solar-electrical means rather 
than conventional chemical fuel. When it arrives at the Moon, after a 
15-month voyage, it will search for water-ice in craters and determine 
the abundance of minerals on the surface. In the process, it will look for 
landing sites for future lunar exploration such as a sample return 
mission planned by the US space agency (Nasa) for 2009. "The Moon 
could be used as a test bed for future human missions, " says Sarah 
Dunkin, a leading British scientist on the Smart-1 project. "To actually 
live on another world would be quite a test of technology as well as 
human physiology. We don't know what the long-term effects of living 
in a low gravity environment would be. " 
Any long term plans to set up a lunar base are bound to rely on 
international co-operation. They could include India and China, two 
nations which have recently pledged to send space craft back to the 
Moon. However, under current policy, the UK would not be included in 
any manned mission because it does not support human space 
exploration. 
Story from BBC NEWS: 
http: //news. bbc. co. uk/go/pr/fr/-/2/hi/science/nature/3161695. stm 
Published: 2003/08/19 08: 39: 37 GMT 
© BBC MMV 
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Are dementia patients worth £2.50 a day? 
JENNIFER VEITCH 
WHEN Labour first came to power, Scotland's newly installed health minister, Sam Galbraith, pledged to end the 
iniquity of so-called postcode prescribing. It is a sentiment which has been echoed by each of his successors to the 
post. However, despite record levels of investment in the NHS, rationing remains a daily and often harsh reality, and 
one which is still far from being satisfactorily resolved. The problem of balancing the cost of treatment with clinical 
priorities has been crystallised by the ongoing controversy surrounding the only available drugs for patients with 
Alzheimer's disease. Tomorrow a consultation on draft recommendations by the National Institute for Clinical 
Excellence (NICE) to withdraw the cholinesterase inhibitors donepezil (Aricept), rivastigmine (Exelon), galantamine 
(Reminyl) and memantine (Ebixa) from prescription in England and Wales on cost grounds will draw to a dose. 
NICE accepts that there is good evidence from clinical trials that the drugs are effective, delaying the advance of 
symptoms, on average, by six to nine months, improving memory and helping patients to continue to perform daily 
tasks. Nevertheless, it has suggested that the costs to the NHS outweigh the benefits. This has prompted a furious 
backlash from campaigners who insist that patients with dementia are surely deserving of £2.50 a day. Dr Richard 
Barker, director general of the Association of the British Pharmaceutical Industry, has described the decision as 
"heartless and damaging". The ABPI has a vested interest, but points out that when it costs an average of £550 
million to develop a new medicine, such decisions will not aid future drug development. 
This being election year, English health minister Stephen Ladyman has weighed in to the debate, urging NICE to 
consider the "wider social implications" of the drugs, including the impact on families and carers, and not just the 
cost-benefit analysis. However, cost is a factor: in Scotland alone there are 62,000 patients affected by dementia. If 
each of them were to be prescribed a treatment which cost £2.50 a day, it could cost the NHS up to £56,575,000 a 
year. According to official figures, the net prescribing costs to the NHS in Scotland have virtually doubled in less than 
a decade, rising from above £477 million in 1996 to just over £917 million in 2004. Despite concerns about cost, 
three of the dementia drugs in question, Aricept, Exelon and Reminyl, were recommended for widespread use by 
NICE in 2001 and the drugs were subsequently approved for NHS prescription in Scotland. As NHS Quality 
Improvement Scotland usually follows the recommendations of NICE - "there is no point in reinventing the wheel", as 
one source puts it - campaigners are understandably concerned that Scotland will follow England's lead if the new 
draft recommendations are adopted. A spokesman for NHS QIS insists Scotland is not bound to follow any 
recommendation from NICE: "Scotland makes its own decision on Alzheimer's care but we do understand the 
concerns people feel. We will be consulting closely later this year as part of the process of Scotland deciding for itself 
how best to address these issues. " However, the Scottish Medicine Consortium's website indicates it would be highly 
unlikely for its umbrella body, NHS QIS, to come to a different conclusion. "If NICE comes to a different conclusion 
from SMC about a medicine both have assessed, the NICE decision will normally take precedence since it will 
usually be informed by more evidence on clinical effectiveness. " 
Jim Jackson, chief executive of Alzheimer Scotland, says it would be "disastrous" if patients are denied access to 
dementia drugs. "We know that these treatments are not perfect, but they do help people with early-to-moderate- 
stage Alzheimer's. It cannot be right to take away treatments that alleviate the symptoms and improve the quality of 
life for people. "The introduction of these treatments has led to diagnostic treatments for people with dementia being 
improved throughout Scotland and recognition that better services throughout the course of the illness are required. 
If the NICE recommendations are acted on in Scotland, they could take us back to a time when people with dementia 
and their families were ignored and left to cope as best they could. " Jackson adds: "It appears that NICE has been 
told to back down south of the border and that takes away the sense of urgency. However, until NICE itself changes 
its draft guidance the battle is not over. We will be encouraging our members to continue letting NHS Quality 
Improvement Scotland know how wrong they thought the draft NICE guidance was. Then it will be a matter of 
keeping a close eye on any developments. "We will also be re-examining the arguments about memantine, the fourth 
drug caught up in the draft NICE recommendations. They rejected its use and previously it hadn't been 
recommended for use either by NICE or the SMC. It is the only drug treatment licensed for use in the later stages of 
Alzheimer's disease and we believe that suitable patients should be offered this treatment. " Anti-dementia drugs 
have been licensed in the UK since 1997, and for those are fighting to keep them available on the NHS, this is clearly 
an emotive issue. But the major disadvantage of attempts to create national, evidence-based prescribing guidance 
and guidelines to eliminate postcode rationing is that in some cases, all patients may 
be denied access to a 
particular treatment. And if either NICE or NHS Quality Improvement Scotland 
bow to political or social pressure to 
recommend the prescribing of drugs which the NHS can't afford, something else 
has to give. 
This article: http: //www. scotsman. com/? id=300942005 
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